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(57) ABSTRACT

A liquid-crystal medium which comprises a component A
which consists of one or more compounds of the formula 1A,
in which the parameters have the respective meanings given
in the claims or in the text, and to the corresponding, novel
mesogenic compounds and to the preparation thereof. The
use of these liquid-crystal media, in particular in components
for high-frequency technology, and to components of this
type which contain the media according to the invention, and
to the production and use of these components. The compo-
nents are suitable, in particular, for phase shifters in the
microwave and millimeter wave region, for microwave and
millimeter wave array antennae and very particularly for so-
called tuneable “reflectarrays”.

16 Claims, No Drawings
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MESOGENIC COMPOUNDS,
LIQUID-CRYSTALLINE MEDIA AND
COMPONENTS FOR HIGH-FREQUENCY
TECHNOLOGY

FIELD OF THE INVENTION

The present invention relates to liquid-crystalline media, in
particular for high-frequency technology, especially compo-
nents for high-frequency devices, in particular antennas,
especially for the gigahertz region and the terahertz region,
which are operated in the microwave or millimeter wave
region. These components use particular mesogenic, prefer-
ably liquid-crystalline, chemical compounds or liquid-crys-
talline media composed thereof for, for example, the phase

CSHIIOCEC

shifting of microwaves for tuneable phased-array antennas or
for tuneable cells of microwave antennas based on “reflectar-
rays”. In addition, the present invention relates to novel
mesogenic compounds.

PRIOR ART AND PROBLEM TO BE SOLVED

Liquid-crystalline media have long been utilised in electro-
optical displays (liquid crystal displays—I.CDs) in order to
display information.

Bistolan compounds, also known as triphenyldiacetylenes,
having an additional alkyl substitution on the central phe-
nylene ring are adequately known to the person skilled in the
art.

For example, Wu, S.-T., Hsu, C.-S, and Shyu, K.-F., Appl.
Phys. Lett., 74 (3), (1999), pages 344-346, discloses various
liquid-crystalline bistolan compounds containing a lateral
methyl group, of the formula

CnH2n+14©7CEC

Besides liquid-crystalline bistolan compounds of this type
containing a lateral methyl group, Hsu, C. S., Shyu, K. F.,
Chuang, Y. Y. and Wu, S.-T., Liq. Cryst., 27 (2), (2000), pages
283-287, also discloses corresponding compounds contain-
ing a lateral ethyl group and proposes the use thereof, inter
alia, in liquid crystal optically phased arrays.

Dabrowski, R., Kula, P., Gauza, S., Dziadiszek, J., Urban,
S, and Wu, S.-T., IDRC 08, (2008), pages 35-38, mentions
dielectrically neutral bistolan compounds with and without a

CH;

2
lateral methyl group on the central ring besides the strongly
dielectrically positive isothiocyanatobistolan compounds of
the formula

10

F
c4HQOCECOCECQ—NCS.
F

Compounds containing three C—C triple bonds, such as,
for example, the compound

CsH; Gy

CECOCECOCsHII,

are mentioned in JP 2003-207631 A) and are proposed foruse
in optical films, polarisers and in liquid crystals of the light-
scattering type.

Compounds of the General Formula

! y!
Re

in which

25

30

35

40

1 Yl

45

C EC@CmHZm+I'

denotes, for example,

60 3 F

65 HsC

are described in EP 1 655 360 Al.
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However, liquid-crystalline media have recently also been
proposed for use in components for microwave technology, as
described, for example, in DE 10 2004 029 429 A and in JP
2005-120208 (A).

An industrially valuable application of liquid-crystalline >
media in high-frequency technology is based on their prop-
erty that their dielectric properties can be controlled, particu-
larly for the gigahertz region and the terahertz region, by a
variable voltage. This enables the construction of tuneable
antennas which contain no moving parts (Gaebler, A.,
Moessinger, A., Goelden, F., et al., “Liquid Crystal-Recon-
figurable Antenna Concepts for Space Applications at Micro-
wave and Millimeter Waves”, International Journal of Anten-

nas and Propagation, Volume 2009, Article ID 876989, 15
(2009), pages 1-7, DOI: 10.1155/2009/876989).
Penirschke, A., Miiller, S., Scheele, P., Weil, C., Wittek, M.,
Hock, C. and Jakoby, R.: “Cavity Perturbation Method for
Characterisation of Liquid Crystals up to 35 GHz”, 34" Euro- -

pean Microwave Conference—Amsterdam, pp. 545-548,
describe, inter alia, the properties of the known single liquid-
crystalline substance K15 (also called 4-n-pentyl-4'-cyanobi-
phenyl or PP-5-N, Merck KGaA, Germany) at a frequency of
9 GHz.

DE 10 2004 029 429 A describes the use of liquid-crystal
media in microwave technology, inter alia in phase shifters.
DE 10 2004 029 429 A has already investigated liquid-crys-
talline media with respect to their properties in the corre-
sponding frequency range.

25

30

For use in high-frequency technology, liquid-crystalline
media having particular, hitherto rather unusual, unconven-
tional properties, or combinations of properties, are required.

A. Gaebler, F. Goelden, S. Miiller, A. Penirschke and R.
Jakoby “Direct Simulation of Material Permittivites using an
Eigen-Susceptibility Formulation of the Vector Variational
Approach”, 12MTC 2009—International Instrumentation
and Measurement Technology Conference, Singapore, 2009
(IEEE), pp. 463-467, describe the corresponding properties
of the known liquid-crystal mixture E7 (likewise Merck
KGaA, Germany).

DE 10 2004 029 429 A describes the use of liquid-crystal
media in microwave technology, inter alia in phase shifters.
DE 10 2004 029 429 A has already investigated liquid-crys-
talline media with respect to their properties in the corre-
sponding frequency range. In addition, it mentions liquid-
crystalline media which comprise compounds of the
formulae

F
o Q Q Q =

besides compounds of the formulae

35

45

F

and
C,Hous1 C=C CN

4

-continued

F
CnH2n+IQC ECNCS.
F

Liquid-crystal media which comprise, for example, com-
pounds of the formula

F
CnH2n+14Q7CEC CMHZ”IH
F

are proposed for use in components for high-frequency tech-
nology, for example, in A. Lapanik, “Single compounds and
mixtures for microwave applications, Dielectric, microwave
studies on selected systems”, dissertation, Technical Univer-
sity of Darmstadt, 2009, (D17).

However, the compositions known to date are afflicted with
serious disadvantages. Besides other deficiencies, most of
them result in disadvantageously high losses and/or inad-
equate phase shift or inadequate material quality (1).

Novel liquid-crystalline media having improved properties
are thus necessary. In particular, the loss in the microwave
region and/or millimeter wave region must be reduced and the
material quality improved.

In addition, there is a demand for an improvement in the
low-temperature behaviour of the liquid-crystalline media
and thus also of the components. Both an improvement in the
operating properties and also in the shelf life are necessary
here.

Thus, there is a considerable demand for liquid-crystalline
media having suitable properties for corresponding practical
applications.

PRESENT INVENTION

Surprisingly, it has now been found that it is possible to
achieve components for high-frequency technology which do
not have the disadvantages of the prior-art materials, or at
least only do so to a considerably reduced extent, if selected
liquid-crystalline media are employed.

The present invention thus relates to liquid-crystalline
media which comprise one or more compounds of the for-
mula IA,

1A

in which



denotes

Yll Rl3

P

YIZ Ll

preferably

Rl3
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=

particularly preferably

CH;

b

CH;

S
e

CH;
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CH;

H;
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H;C
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Rl3
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CH

0

HyC ,

>
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very particularly preferably

CH; CH;

5
s or
F F

10 CH,
15

F

L' denotes alkyl having 1 to 6 C atoms, cycloalkyl having 3 to
6 C atoms, cycloalkenyl having 4 to 6 C atoms or halogen,
20  preferably CH;, C,Hs, n-CiH, (—(CH,),CH,),1-CH (—
CH(CHs;),), cyclopropyl, cyclobutyl, cyclopentyl, cyclo-
hexyl, cyclopent-1-enyl, cyclohex-1-enyl, F or Cl and par-
ticularly preferably CH;, C,Hs, cyclopropyl, cyclobutyl or

F and very particularly preferably F,
Y'! and Y'?, independently of one another, denote H, alkyl

» having 1 to 6 C atoms, cycloalkyl having 3 to 6 C atoms,
cycloalkenyl having 4 to 6 C atoms or halogen, preferably
H, CH,, C,H, n-C;H, (—(CH,),CH,), i-C,H, (—CH
(CHs;),), cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
o cyclopent-1-enyl, cyclohex-1-enyl, F or Cland particularly

preferably H, CH;, C,H; or F and very particularly pref-
erably H or CH,,

R to R'?, independently of one another, denote unfluori-
nated alkyl or unfluorinated alkoxy, each having 1 to 15 C
atoms, unfluorinated alkenyl, unfluorinated alkenyloxy or

35 unfluorinated alkoxyalkyl, each having 2 to 15 C atoms, or

cycloalkyl, alkylcycloalkyl, cycloalkenyl, alkylcycloalk-
enyl, alkylcycloalkylalkyl or alkylcycloalkenylalkyl, each
having up to 15 C atoms,

preferably

40 R' and R'?, independently of one another, denote unfluori-

nated alkyl or unfluorinated alkoxy, each having 1to 7 C
atoms, or unfluorinated alkenyl, unfluorinated alkenyloxy
or unfluorinated alkoxyalkyl, each having 2 to 7 C atoms,

particularly preferably

45 R' denotes unfluorinated alkyl having 1 to 7 C atoms or

unfluorinated alkenyl, unfluorinated alkenyloxy or unflu-
orinated alkoxyalkyl, each having 2 to 7 C atoms, and

particularly preferably

R!? denotes unfluorinated alkyl or unfluorinated alkoxy, each

50 having 1 to 7 C atoms, and

preferably

R*? denotes unfluorinated alkyl having 1 to 5 C atoms, unflu-
orinated cycloalkyl or cycloalkenyl having 3 to 7 C atoms,
unfluorinated alkylcyclohexyl or unfluorinated cyclohexy-

55 lalkyl, each having 4 to 12 C atoms, or unfluorinated alky-

Ieyclohexylalkyl having 5 to 15 C atoms, particularly pref-
erably cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl,
and very particularly preferably R*® denotes n-alkyl, par-
ticularly preferably methyl, ethyl or n-propyl, and the other
60  denotes H or n-alkyl, particularly preferably H, methyl,

CH;, or CHjs,

ethyl or n-propyl.

The liquid-crystal media according to the invention are
eminently suitable for use in components for high-frequency
technology or for the microwave region and/or millimeter

65 wave region of the electromagnetic spectrum. The present
H;C

invention relates to this use of the media and to these compo-
nents.
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In a first preferred embodiment of the present invention, the
component for high-frequency technology contains a liquid-
crystal medium which comprises a component A which con-
sists of one compound, two compounds or a plurality of
compounds of the formula IA.

In accordance with a further preferred embodiment of the
present invention, the component for high-frequency technol-
ogy contains a liquid-crystalline medium comprising

a first component, component A, which comprises one or

more compounds of the above-mentioned formula A
and which optionally comprises one or more compounds
of the formula D3 given below and

one or more further components selected from the group of

components B to E defined below,
a strongly dielectrically positive component, component
B, which has a dielectric anisotropy of 10.0 or more,

a strongly dielectrically negative component, component
C, which has a dielectric anisotropy of -5.0 or less,

a further component, component D, which has a dielectric
anisotropy in the range from more than -5.0 to less than
10.0 and consists of compounds having seven or more,
preferably eight or more, five- or six-membered rings,
and

a further component, component E, which likewise has a

dielectric anisotropy in the range from more than -5.0 to
less than 10.0 and consists of compounds having up to
six five- or six-membered rings.

Typical examples of five-membered rings are

U X7
7

Typical examples of six-membered rings are

éi%

Z

PG
folo (ol

The five- and six-membered rings also include saturated
and partially saturated rings, as well as heterocyclic rings.

5

10

15

20
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40
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60

65

8

For the purposes of the present application, condensed ring
systems which consist of two of these rings, i.e. two five-
membered rings, one five-membered ring or two six-mem-
bered rings, such as, for example,

and

&

are counted as one of these five- or six-membered rings on
assignment of the compounds to components A or D.

Correspondingly, condensed ring systems which consist of
a combination of three or more of these rings which are
incorporated into the molecule in the longitudinal direction,
such as, for example,

:oi

and

03.3

are counted as two of these five- or six-membered rings.

By contrast, condensed ring systems which are incorpo-
rated into the molecule in the transverse direction, such as, for
example,

LD (O
D

o
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-continued

gO@OOO

3

are counted as one of these five- or six-membered rings.

The present invention likewise relates to the directly pre-
ceding liquid-crystalline media and to those described below,
and to the use thereof in electro-optical displays and in par-
ticular in components for high-frequency technology.

In a preferred embodiment of the present invention, the
liquid-crystal medium comprises one or more compounds of
the formula IA, preferably selected from the group of the
compounds of the formulae IA-1 to 1A-4, preferably of the
formulae IA-1 and/or IA-2:

IA-1
R13

R“QCEC CEC@RIZ
Ll

IA-2
R13

R“O—CEC CECORIZ

Ll

IA-3

CH; RI3

10

15

20

25

40

45

50

55

60

65

-continued
IA-4
CH; RS
RIIOCEC CEC@RIZ
CH; CH;

in which the parameters have the respective meanings indi-
cated above for formula IA, and preferably

R'? denotes alkyl having 1 to 6 C atoms, alkenyl having 2 to
6 C atoms, cycloalkyl having 3 to 6 C atoms or cycloalk-
enyl having 4 to 6 C atoms, preferably CH;, C,Hs, n-C H,
(—(CH),CH,), 1-C;H; (—CH(CH;),), —CH—CH,,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclo-
pent-1-enyl or cyclohex-1-enyl, and particularly prefer-
ably CH;, C,H,, cyclopropyl or cyclobutyl,

L' denotes alkyl having 1 to 3 C atoms or halogen, preferably
H, F or Cl, and particularly preferably H, F or CH,, even
more preferably H or F and very particularly preferably F,

R denotes unfluorinated alkyl having 1 to 7 C atoms, and

R'? denotes unfluorinated alkyl having 1 to 7 C atoms or
unfluorinated alkoxy having 1 to 7 C atoms.

In a preferred embodiment of the present invention, com-
ponent A consists predominantly, even more preferably con-
sists essentially and very particularly preferably consists
completely of compounds of the formula IA.

In a particularly preferred embodiment of the present
invention, the liquid-crystal medium comprises one or more
compounds of the formula IA-1, preferably selected from the
group of the compounds of the formulae [A-1ato [A-le and
1A-2a to 1A-2e, particularly preferably selected from the
group of the compounds of the formulae 1A-1a to [A-lc,
1A-le,IA-2ato IA-2c and IA-2e, very particularly preferably
selected from the group of the compounds of the formulae
TA-1a, IA-1b, IA-2a and TA-2b,

IA-1a
CH;
RIIQCECQCEC@RIZ
F
IA-1b
CH;
RIIQCEC CEC@—RIZ

IA-1c

CH;,
CH;
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-continued
IA-1d
CH;
R“@—CEC CEC@RIZ
CH;
IA-1le
CH;
R“@—CEC CEC@RIZ
CH;
IA-2a
CH;
RIIQCECAQiCEC‘QiRIZ
F
IA-2b
CH;
R“@—CEC CEC@RIZ
F
1A-2¢
CH;
RII@CEC@?CEC@RIZ
HsC
IA-2d
CH;
RIIQCEC CEC@RIZ
HsC
1A-2e
CH;
R“@—CEC CEC@RIZ

H;C

in which the parameters have the meanings given above under
formula IA-1 or under formula IA-2, and preferably

R and R'?, independently of one another, denote an alkyl
radical having 2 to 7 C atoms, for example a propyl radical
and a hexyl radical or in each case a propyl, butyl, pentyl or
hexyl radical.

The liquid-crystal medium in component A optionally
comprises one or more compounds of the formula IB,

w

>

10

15

20

25

30

35

40

45

50

55

60

65

Rll

in which

S

o

12

1B

L! x!
denotes 3 f s

Rl4

<

o

o
=4

S

preferably

@
&

>

CH,

o e

7
2

oo

CHs,

el
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-continued

Bee
o
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bes
o

>

-

C
CH3:\< :,
CH. E

F
F
F CH;
cl CH;
F F
CH; CH;
H3: :C
3

Hs

>
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Rl3

14

-continued

Rl4

<

Rl3

o
s

A

particularly preferably

o Pt ¢

C

C=C

Hs,

Tt Fo

Rl4
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-continued

CH;
R14

i

-

Rl3

or

R13 Rl4

L' denotes alkyl having 1 to 6 C atoms, cycloalkyl having 3 to
6 C atoms or cycloalkenyl having 4 to 6 C atoms, preferably
CH,, C,H;, n-C;H, (—(CH,),CH,), i-C;H, (—CH
(CH,;),), cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,

¢

10

15

20

25

IB-1

16

preferably R

and R'?, independently of one another, denote unfluori-
nated alkyl or unfluorinated alkoxy, each having 1 to 7 C
atoms, or unfluorinated alkenyl, unfluorinated alkenyloxy or
unfluorinated alkoxyalkyl, each having 2 to 7 C atoms,
particularly

preferably R'! denotes unfluorinated alkyl having 1to 7 C
atoms or unfluorinated alkenyl, unfluorinated alkenyloxy or
unfluorinated alkoxyalkyl, each having 2 to 7 C atoms, and
particularly

preferably R'? denotes unfluorinated alkyl or unfluorinated
alkoxy, each having 1 to 7 C atoms, and
preferably R'® and R** denote H, unfluorinated alkyl having 1
to 5 C atoms, unfluorinated cycloalkyl or cycloalkenyl having
3 to 7 C atoms, unfluorinated alkylcyclohexyl or unfluori-
nated cyclohexylalkyl, each having 4 to 12 C atoms, or unflu-
orinated alkylcyclohexylalkyl having 5 to 15 C atoms, par-
ticularly preferably cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl, and very particularly preferably at least one of
R'? and R'* denotes n-alkyl, particularly preferably methyl,
ethyl or n-propyl, and the other denotes H or n-alkyl, particu-
larly preferably H, methyl, ethyl or n-propyl.

In a particularly preferred embodiment of the present
invention, component A comprises one or more compounds
of'the formula 1A and one or more compounds of the formula
IB, preferably component A consists predominantly, even
more preferably consists essentially and very particularly
preferably consists completely of compounds of the formulae
1A and IB.

The compounds of the formula IB are preferably com-
pounds selected from the group of the compounds of the
formulae IB-1 to IB-4

1B-2

) e O
R! C=C C=C RI2
R! C=C C=C RI2
IB-3

RI3 R4
==
13 R4

1B-4

R
RIIOCECOCECGCECORIZ

cyclopent-1-enyl or cyclohex-1-enyl, and particularly
preferably CH;, C,Hs, cyclopropyl or cyclobutyl,

X! denotes H, alkyl having 1 to 3 C atoms or halogen, pref-
erably H, F or Cl, particularly preferably H or F and very
particularly preferably F,

R to R'*, independently of one another, denote unfluori-
nated alkyl or unfluorinated alkoxy, each having 1 to 15 C
atoms, unfluorinated alkenyl, unfluorinated alkenyloxy or
unfluorinated alkoxyalkyl, each having 2 to 15 C atoms, or
cycloalkyl, alkylcycloalkyl, cycloalkenyl, alkylcycloalk-
enyl, alkylcycloalkylalkyl or alkylcycloalkenylalkyl, each
having up to 15 C atoms, and alternatively one of R'* and
R'* or both also denote H,

55

60

65

in which

L' denotes alkyl having 1 to 6 C atoms, alkenyl having 2 to 6
C atoms, cycloalkyl having 3 to 6 C atoms or cycloalkenyl
having 4 to 6 C atoms, preferably CH;, C,H, n-C;H,(—
(CH,),CH,), i-C;H, (—CH(CH,),), —CH—CH,, cyclo-
propyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopent-1-
enyl or cyclohex-1-enyl, and particularly preferably CHj;,
C,Hs, cyclopropyl or cyclobutyl,

X! denotes H, alkyl having 1 to 3 C atoms or halogen, pref-
erably H, F or Cl, particularly preferably H, F or CH;, even
more preferably H or F and very particularly preferably F,

and the other parameters have the respective meanings
indicated above for formula IB, and preferably

R!! denotes unfluorinated alkyl having 1 to 7 C atoms, and
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R'? denotes unfluorinated alkyl having 1 to 7 C atoms or
unfluorinated alkoxy having 1 to 7 C atoms.
In a particularly preferred embodiment of the present
invention, the liquid-crystal medium comprises one or more
compounds of the formula IB-1, preferably selected from the

group of the compounds of the formulae IB-1a-1 to IB-1a-12
and IB-1b-1 to IB-1b-12

IB-1a-1

RIZ

>
:

IB-1a-2

RIZ

;
:

IB-1a-3

RIZ

i
:

IB-1a-4

RIZ

i
:

IB-1a-5

RI2

R

;
:

IB-1a-6

RIZ

>

IB-1a-7

R! C=C CEC—©—R12
IB-1a-8
Rll RIZ

@]
ll
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-continued

IB-1b-12

in which the parameters have the meanings given above under
formula IB-1, and preferably

R'! and R'?, independently of one another, denote an alkyl
radical having 2 to 7 C atoms, for example a propyl radical
and a hexyl radical or in each case a propyl, butyl, pentyl or
hexyl radical.

In a very particularly preferred embodiment of the present
invention, the liquid-crystal medium, or component A of the
liquid-crystal medium, comprises one or more compounds of
the formula IB, preferably selected from the group of the
compounds of the formulae IB-la-2, IB-la-5, IB-la-7,
IB-1a-8, IB-1a-9, IB-1a-10, IB-1b-5, IB-1b-7, IB-1b-8,
IB-1b-9, IB-1b-10, where the parameters have the meanings
given above, and particularly preferably
R and R*?, independently of one another, denote unfluori-

nated alkyl having 1 to 7 C atoms or unfluorinated alkoxy

having 1 to 6 C atoms,

especially preferably one of

R'' and R'? denotes alkyl and the other denotes alkyl or
alkoxy, and very particularly preferably R** and R'? have
different meanings from one another.

In a preferred embodiment of the present invention, the
liquid-crystal medium, or component A of the liquid-crystal
medium, comprises one or more compounds of the formula
IB-2, in which preferably
R'' and R'?, independently of one another, denote an alkyl

radical having 2 to 7 C atoms, for example a propyl radical

and a hexyl radical or in each case a propyl, butyl, pentyl or
hexyl radical.

In a preferred embodiment of the present invention, the
liquid-crystal medium, or component A of the liquid-crystal
medium, comprises one or more compounds of the formula
IB-3, preferably selected from the group of the compounds of
the formulae IB-3a-1 to IB-3a-3 and IB-3b-1 to IB-3b-3,
preferably IB-3a-2, IB-3b-2,

IB-3a-1

CECCEC4©7 Rlz
IB-3a-2

CECEC4©7 Rlz
IB-3a-3

C= —@—Rlz
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IB-3b-1
IB-3b-2
IB-3b-3
in which the parameters have the meanings given above under In a preferred embodiment of the present invention, the
formula IB-3, and preferably liquid-crystal medium, or component A of the liquid-crystal
R and R'?, independently of one another, denote an alkyl medium, comprises one or more compounds of the formula

radical having 2 to 7 C atoms, for example a propyl radical ,5 IB-4, preferably selected from the group of the compounds of
and a hexyl radical or in each case a propyl, butyl, pentyl or the formulae IB-4-a-1 to 1B-4-a-3 and IB-4-b-1 to IB-4-b-3,

hexyl radical. preferably 1B-4-b-2,

o

o

@]

o

czc—@—czc

o

@]
Il
@]
@]
Il
@]

o

b b o b

@]
I
@]

C=cC

CECOCECOCEC@RH
CE(:©7CEC‘©7CEC4©7RIZ

CECOCEC@RIZ

1B-4a-1

1B-4a-2

1B-4a-3

IB-4b-1

IB-4b-2

IB-4b-3
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in which the parameters have the meanings given above under and a hexyl radical or in each case a propyl, butyl, pentyl or
formula IB-4, and preferably hexyl radical.
The compounds of the formula IA can advantageously be
1 and R'?, independently of one another, denote an alkyl prepared as evident from the following illustrative synthesis
radical having 2 to 7 C atoms, for example a propyl radical (Schemes 1 and 2):

Scheme 1: Illustrative synthesis of compounds of the formula IA-1 (for example IA-1b).
OH

0
)k H BF;—E(0

Br Br Br Br FLSi—I
F MgCl—LiCl
cu(l) < >

Cu()/Pd(0)

i

=z

RIZ

Scheme 2: Illustrative synthesis of the compounds of the formula IA-2 (fore example IA-2a).

Cu(I)/Pd(O) Q Q Br

Rll

Cu()
Pd(0)
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The compounds of the formula IB-1a can advantageously -continued
bF: prepared as evident from the following illustrative synthe- eyeloalkyl
sis (Schemes 3-6): | (T,0
2!
/N _on -
. ) 5 Cl OH
Scheme 3: Illustrative synthesis of the compounds of the formula
IB-1 (for example IB-1a-7 to IB-1a-12) containing —
symmetrical end groups, where cycloalkyl also denotes
cycloalkenyl. Ll N R12
I cycloalkly |
3 geyeloalkyl-B(OH), 0 g /" \ oTf Pd cat.
Cl Cl Cl Cl
Pd cat. —_—
15
+ R |Pd cat.
+ RU =——|Pd cat.
20

Scheme 4: Illustrative synthesis of the compounds of the formula IB-1 (for
example IB-1a-7, IB-1a-8, IB-1a-9 and IB-1a-11) containing symmetrical
end groups.

Br
+ O Grignard 30 Scheme 6: Illustrative synthesis of the compounds of the formula IB-1 (for
_— example IB-1a-7 to IB-1a-12) containing asymmetrical end groups, where
Br Br cycloalkyl also denotes cycloalkenyl.
n Byl

Csgcycloalkyl-B(OH),

|
" » Cl / \ OH Pd cat.

HO [
—_—
cycloalkyl
B B SN e,
40 cl OH
n
+ RrRHU cycloalkyl
/ | \ + =—=-SiMe);
Pd cat. 45 Cl OTf Pd cat.
Br Br —_—
cycloalkyl

Scheme 5: Illustrative synthesis of the compounds of the formula IB-1 (for
example IB-1a-7 to IB-1a-12) containing asymmetrical end groups, where 60
cycloalkyl also denotes cycloalkenyl.

Byl
Csgeycloalkyl-B(OH),

|
Cl / \ OH Pd cat.

+ RU =——|Pd cat.

65
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-continued

cycloalkyl Scheme 8: Illustrative synthesis of the compounds of the formula IB with

_|_ asymmetrical substitution.
A )= )=

w

R =l

The compounds of the formula IB-1b can advantageously . Li—N(Si(CHy))
be obtained in accordance with the following general reaction 2. CH0—BBN
schemes (Reaction Schemes 5 to 11). The parameters L', R, 0 3. L x!
R'?and X! therein are as defined above and below. R has the
meaning of R'! or R'%.

Br Cl or O—SO,CF,
Scheme 7: Illustrative synthesis of the compounds of the formula IB with 15 4. ((Phe);P),PdCl, base
asymmetrical substitution, where R has the meaning of R!. . .
I X

: ::: o ! Rll Q = O ¢l o O7SOCT

20
1. Li—N(Si(CHy)3),
2. CH;0—BBN

1. Li—N(Si(CHa)s),
OMe |2. CH:0—BBN
3

B/ . Ll X!
—BRN - ((CyHex)3P),PdCl,,
CH30 = 12 base
Br Br 25

4. ((CyHex)3P),PdCl,, base

Schemes 9 to 13 show the synthesis of variously substi-
tuted central rings. The phenylalkynyl radicals here can be
generalised to any desired substituted phenylalkynyl radicals.

Scheme 9: Illustrative synthesis of the compounds of the formula IB-1 (for example IB-
1b-1 to IB-1b-4) containing symmetrical end groups, where R has the meaning of R!!.

F
BrOCI

1. Li tetramethylpiperidide
2. Alkyl-Hal

F alkyl
Br@ﬂ

1.2 Li— N(Si(CH3)3) —
2.2 CH;0—BBN

2 H———= R
((CyHex)3P),PdCly, base\ \ /

alky

R/\_>=<_ N

_/ 7/ T \/
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-continued
Scheme 10: Illustrative synthesis of the compounds of the formula IB-1b-8
containing symmetrical end groups, where R has the meaning of R!.

F F
5
Br Cl Br Cl
1.LDA 10
2.
(0] H —— R
Pd cat
15 Cul
F base
OH
Br Cl
20
NaBH4CN Q
BFsethe

Scheme 11: Illustrative synthesis of the compounds of the formula IB-1 where X! = CI,
L! = CH; and containing symmetrical end groups, where R has the meaning of R!!.

Cl CH;3
le;NBrg
Cl CHj3

l(CF;SOZ)ZO, base

cl CH;

Br4<j;—osozc1:3

1.2 Li—N(Si(CHz)3) —
2.2 CH;0—BBN

2 H — R
((CyHex)3P),PdCl,, base| \ /

NSy

_/ 7/ T \ U/
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Scheme 12: Tllustrative synthesis of the compounds of the formula IB where X! =L! =
CHj; and containing symmetrical end groups, where R has the meaning of R!.

H;C CH;

OH

K

BuyNBr3

-

H;C CH;

Br OH

-

l(CFgSOZ)ZO, base

H;C CH;

0S0,CF;

.

2.2 CH;0—BBN

((CyHex);P),PdCl,, base\

H;C

N I

/7 U/

Scheme 13: Tllustrative synthesis of the compounds of the formula IB where X! =L! =
alkyl and containing symmetrical end groups, where R has the meaning of R!! and where
the two alkyl groups “alkyl” may be identical to or different from one another and in

addition one or both may be an alkenyl group.
Br

<

Cl Cl
Li—TMP
alkyl-1
Br alkyl
Cl Cl

alkyl-B(OH); or alkyl - BF;K
Pd cat base

-

1. 2 Li—N(Si(CH3)3), -
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alkyl alkyl

Br Cl

1. 2 Li—N(Si(CHz)3), —
2.2 CH;0—BBN

2 H———= R
((CyHex);P),PdCl,, base \ /

The compounds of the formula IB-2 can advantageously be 25 -continued
prepared as evident from the following illustrative synthesis
(Scheme 14): R — Br

Scheme 14: Illustrative synthesis of the compounds of the formula IB-2 30

containing asymmetrical end groups, where R is defined corresponding to

=

R and R’ is defined corresponding to R12.

Cu(D)/Pd(0)
Br B i1, THE 33 N
uli, I, /
T . =
70°C.

C
R

1 Br
Cu(I)y/Pd(0)
NE 45 The compounds of the formulae 1B-3 and IB-4 can advan-
tageously be obtained in accordance with the following gen-

eral reaction scheme (Reaction Scheme 15).

F

Scheme 15: Illustrative synthesis of the compounds of the formulae IB-3 and IB-4

containing symmetrical end groups, in which R has the meaning of R'! or R'2,

Pd cat
Cul
base
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Rl3
12 == SiMes
Pd cat
Cul
DBU, H,0
Rl3 Rl3

NN

—

\

/

Besides component A, these media according to the inven-
tion preferably comprise a component selected from the two
components B and C and optionally additionally component
D and/or component E.

These media according to the invention preferably com-
prise two, three or four, particularly preferably two or three,
components selected from the group of components A to E.
These media preferably comprise

component A and component B, or

component A, component B and component D and/or E, or

component A and component C, or

component A, component B and component C, or

component A, component C and component D and/or E.

These media according to the invention preferably com-
prise a component B and no component C or vice versa.

The strongly dielectrically positive component, compo-
nent B, preferably has a dielectric anisotropy of 20.0 or more,
more preferably 25.0 or more, particularly preferably 30.0 or
more and very particularly preferably 40.0 or more.

The strongly dielectrically negative component, compo-
nent C, preferably has a dielectric anisotropy of =7.0 or less,
more preferably —8.0 or less, particularly preferably —10.0 or
less and very particularly preferably —15.0 or less.

In a preferred embodiment of the present invention, com-
ponent B comprises one or more compounds selected from
the group of the compounds of the formulae I1A and I1IB:

IIA

F F F
RZICFZ_OQXZ
F F
1IB

F F
R? F
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R*! denotes unfluorinated alkyl or unfluorinated alkoxy, each
having 1 to 15 C atoms, or unfluorinated alkenyl, unfluori-
nated alkenyloxy or unfluorinated alkoxyalkyl, each hav-
ing 2 to 15 C atoms, preferably alkyl, particularly prefer-
ably n-alkyl,

R?? denotes H, unfluorinated alkyl or unfluorinated alkoxy,
eachhaving 1 to 5, preferably 1 to 3, particularly preferably
3, C atoms,

independently of one another and, if they occur more than
once, these also in each case independently of one
another, denote

Bopee
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preferably
F
@7 , i
F
F

n and m, independently of one another, denote 1 or 2, prefer-
ably

(n+m) denotes 3 or 4, and particularly preferably

n denotes 2,

X2 denotes F, Cl, —CF, or —OCF;, preferably F or CI,
particularly preferably F,

Y? denotes F, Cl, —CF,, —OCF, or CN, preferably CN, and

77 denotes H or F.

Preferred compounds of the formula IIA are the com-
pounds of the corresponding sub-formula ITA-1

IIA-1

in which R?! has the meaning given above.

Preferred compounds of the formula IIB are the com-
pounds of the corresponding sub-formulae IIB-1 and I1IB-2:

F
F

F
F
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in which R?!, R*? and X? have the respective meanings given

above.

In a preferred embodiment of the present invention, com-
ponent C comprises one or more compounds selected from
the group of the compounds of the formulae IIIA and I1IB:

1A

F F F F
A =L
II1IB
F F
F (@] F
in which

R>! and R*?, independently of one another, have the meanings
indicated above for R?! under formula IIA,

and preferably
R>! denotes C,H,,,,, or CH,—CH—(CH,),and

R*?* denotes C,H or O—C H or (CH,),—
CH—CH,,

and in which

2m+1 2m+1

n and m, independently of one another, denote an integer in
the range from O to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R*' and R>?) here are, in
particular, (C,H,,,, and C,H,,,,) and (CH,,,, and
O0—C H

Preferred compounds of the formula IIIB are the com-
pounds of the sub-formulae IIIB-1 and I1IB-2:

2m+1/"

1IB-1

F F F
CFZ—OCFZ—OQ—XZ
R?? F F
F F F F
R?? F F

1IB-2
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IIIB-1
F F
F (6] F
ot Q Q Q e
IIIB-2
FF
F o} T
CnH2n+l Q Q Q O_CMH2m+l

in which
n and m each have the meanings given above for formula MB
and preferably, independently of one another, denote an
integer in the range from 1 to 7.
In a preferred embodiment of the present invention, com-
ponent D comprises one or more compounds of the following
formula IV:

v

in which

R*! and R*?, independently of one another, have one of the
meanings indicated above for R** under formula I,

L*! to L** on each appearance, in each case independently of
one another, denote H, alkyl having 1to 5 C atoms, F or Cl,
and

p denotes an integer in the range from 7 to 14, preferably from
8 to 12 and particularly preferably from 9 to 10,

and preferably

at least two of the substituents

L*! to L** present have a meaning other than H, and

R* denotes C,H,,,, or CH,—CH—(CH,),, and

R** denotes C,H,,,, or O—C,H, ., or (CH,),—
CH—CH,,

and in which

n and m, independently of one another, denote an integer in
the range from 0 to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

In a preferred embodiment of the present application, the
liquid-crystal medium additionally comprises a further com-
ponent, component E, which preferably consists of one or
more compounds selected from the group of the compounds
of the formulae V to IX:

w

—_
w
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-continued

VI
L61261262L62
VII

VII

RSIZSIZSZRSZ

X

in which
L>! denotes R>! or X°*,
L2 denotes R>? or X°2,

R’! and R*?, independently of one another, denote H, unfiu-
orinated alkyl or unfluorinated alkoxy having 1to 17, pref-
erably 3 to 10, C atoms or unfluorinated alkenyl, unfiuori-
nated alkenyloxy or unfluorinated alkoxyalkyl having 2 to
15, preferably 3 to 10, C atoms, preferably alkyl or unflu-
orinated alkenyl,

X°! and X°?, independently of one another, denote H, F, CI,
—CN, —NCS, —SFj, fluorinated alkyl or fluorinated
alkoxy having 1 to 7 C atoms or fluorinated alkenyl, unflu-
orinated or fluorinated alkenyloxy or unfluorinated or flu-
orinated alkoxyalkyl having 2 to 7 C atoms, preferably
fluorinated alkoxy, fluorinated alkenyloxy, F or CI, and

el



US 9,296,948 B2

41

-continued

)

preferably

:<F
F F
or 3 f s

o

L% denotes R®" and, in the case where Z5' and/or Z%? denote
trans-CH—CH— or trans-CF—CF—, alternatively also
denotes X%,

L% denotes R®? and, in the case where Z5' and/or Z%? denote
trans-CH—CH— or trans-CF—CF—, alternatively also
denotes X%,

R®! and R®?, independently of one another, denote H, unflu-
orinated alkyl or unfluorinated alkoxy having 1 to 17, pret-
erably 3 to 10, C atoms or unfluorinated alkenyl, unfluori-
nated alkenyloxy or unfluorinated alkoxyalkyl having 2 to
15, preferably 3 to 10, C atoms, preferably alkyl or unflu-
orinated alkenyl,

X°! and X%, independently of one another, denote F or CI,
—CN, —NCS, —SF4, fluorinated alkyl or alkoxy having 1
to 7 C atoms or fluorinated alkenyl, alkenyloxy or alkoxy-
alkyl having 2 to 7 C atoms, preferably —NCS,

one of

7% and Z%% denotes trans-CH—CH—, trans-CF—CF— or
—C=C— and the other, independently thereof, denotes
trans-CH—CH—, trans-CF—CF— or a single bond, pref-
erably one of them denotes —C=C— or trans-
CH—CH— and the other denotes a single bond, and

independently of one another, denote

w
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-continued
F F
AQi , AQ , )
F F
F F

preferably
:/< F
F,
F >: ;

F

F
F F
or 2 f s

F

L7! denotes R”* or X7*,
L7? denotes R”? or X"?,

R”* and R”?, independently of one another, denote H, unflu-
orinated alkyl or unfluorinated alkoxy having 1to 17, pref-
erably 3 to 10, C atoms or unfluorinated alkenyl, unfiuori-
nated alkenyloxy or unfluorinated alkoxyalkyl having 2 to
15, preferably 3 to 10, C atoms, preferably alkyl or unflu-
orinated alkenyl,

X"! and X", independently of one another, denote H, F, CI,
—CN, —NCS, —SF,, fluorinated alkyl or fluorinated
alkoxy having 1 to 7 C atoms or fluorinated alkenyl, unflu-
orinated or fluorinated alkenyloxy or unfluorinated or flu-
orinated alkoxyalkyl having 2 to 7 C atoms, preferably
fluorinated alkoxy, fluorinated alkenyloxy, F or CI, and

Z™ to Z7°, independently of one another, denote trans-
CH—CH—, trans-CF—CF—, —C=C— or a single
bond, preferably one or more of them denote a single bond,
particularly preferably all denote a single bond and
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independently of one another, denote -continued

-
poa

S

independently of one another, denote

15

e

20

or

25

R

preferably

30

(X
TN

F

< > ’ ’ L°! denotes R®! or X°*,

L*? denotes R®? or X°?,
E E F 35 R and R*?, independently of one another, denote H, unflu-
orinated alkyl or alkoxy having 1 to 15, preferably 3 to 10,
or ; C atoms or unfluorinated alkenyl, alkenyloxy or alkoxy-
alkyl having 2to 15, preferably 3 to 10, C atoms, preferably

2 unfluorinated alkyl or alkenyl,

X°! and X°?, independently of one another, denote H, F, CI,
—CN, —NCS, —SFj, fluorinated alkyl or fluorinated
alkoxy having 1 to 7 C atoms or fluorinated alkenyl, unflu-
orinated or fluorinated alkenyloxy or unfluorinated or flu-
orinated alkoxyalkyl having 2 to 7 C atoms, preferably
fluorinated alkoxy, fluorinated alkenyloxy, F or Cl, and

7°' to Z°°, independently of one another, denote trans-

one of CH—CH—, trans-CF—CF—, —C=C— or a single

73! and 7*2 denotes trans-CH—CH—, trans-CF—CF— or bond, preferably one or more of them denotes a single
—C—C— and the other, independently thereof, denotes 50 bond, and particularly preferably all denote a single bond,

trans-CH—CH—, trans-CF—CF— or a single bond, pref-
erably one of them denotes —C=C— or trans-
CH—CH— and the other denotes a single bond, and

R®! and R*, independently of one another, denote H, unflu-
orinated alkyl or alkoxy having 1 to 15, preferably 3 to 10,
C atoms or unfluorinated alkenyl, alkenyloxy or alkoxy-
alkyl having 2to 15, preferably 3 to 10, C atoms, preferably 45
unfluorinated alkyl or alkenyl,

s

55

denotes

s

60

denotes or

.

s
5
o
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S

independently of one another, denote
F
F :
F
F
4@‘ , )
F

>

T

e

-

and where compounds of the formula IIIA are excluded from
the compounds of the formula VI.

In a preferred embodiment of the present invention, the
liquid-crystal medium comprises, more preferably predomi-
nantly consists of, even more preferably essentially consists
of'and very particularly preferably completely consists ofone
or more compounds of the formula V, preferably selected
from the group of the compounds of the formulae V-1 to V-3,
preferably of the formulae V-1 and/or V-2 and/or V-3, prefer-
ably of the formulae V-1 and V-2:

V-1
V-2
V-3

in which the parameters have the respective meanings indi-

cated above for formula V and preferably

R>! denotes unfluorinated alkyl having 1 to 7 C atoms or
unfluorinated alkenyl having 2 to 7 C atoms,

R>? denotes unfluorinated alkyl having 1 to 7 C atoms or
unfluorinated alkenyl having 2 to 7 C atoms or unfiuori-
nated alkoxy having 1 to 7 C atoms,

X°! and X*?, independently of one another, denote F, Cl,
—OCF;,—CF;,—CN,—NCS or—SF, preferably F, Cl,
—OCF; or —CN.
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The compounds of the formula V-1 are preferably selected
from the group of the compounds of the formulae V-1a to
V-1d, more preferably these compounds of the formula V
predominantly consist, even more preferably essentially con-
sist and very particularly preferably completely consist
thereof:

V-la
F F
F
V-1b
F YS 1
F
V-1le
YS 1 F YSZ
V-1d
YS 1 F YSZ

in which the parameters have the respective meanings indi-
cated above for formula V-1 and in which

Y>! and Y2, in each case independently of one another,
denote H or F, and preferably

R>! denotes alkyl or alkenyl, and
X! denotes F, Cl or —OCF,.

The compounds of the formula V-2 are preferably selected
from the group of the compounds of the formulae V-2a to
V-2g and/or from the group of the compounds of the formulae
V-2f and V-2g, more preferably these compounds of the for-
mula V predominantly consist, even more preferably essen-
tially consist and very particularly preferably completely
consist thereof:

Sezesas
F ¥ 2 v
wid N/ N/ O\ e
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V-2¢
YSI YSZ F

V-2d
y3! F F

V-2e
v F F

RSI RSZ
V-2f
F F YSI YSZ
V-2g

Y2 F

i

RSZ

where in each case the compounds of the formula V-2a are
excluded from the compounds ofthe formulae V-2b and V-2c,
the compounds of the formula V-2b are excluded from the
compounds of the formula V-2¢ and the compounds of the
formula V-2e are excluded from the compounds of the for-
mula V-21, and
in which the parameters have the respective meanings indi-
cated above for formula V-1 and in which
Y>! and Y2, in each case independently of one another,
denote H or F, and preferably
R>! denotes alkyl or alkenyl,
X! denotes F, Cl or —OCF, and preferably one of
Y>! and Y°2 denotes H and the other denotes H or F, prefer-
ably likewise denotes H.
The compounds of the formula V-3 are preferably com-
pounds of the formula V-3a:

V-3a

x5

in which the parameters have the respective meanings indi-
cated above for formula V-1 and in which preferably

X! denotes F, Cl, preferably F,

X2 denotes F, Cl or —OCF,, preferably —OCF,.

In an even more preferred embodiment of the present
invention, the compounds of the formula V are selected from
the group of the compounds V-1a to V-1d, preferably selected
from the group of the compounds V-1c and V-1d, more pref-
erably these compounds of the formula V predominantly
consist, even more preferably essentially consist and very
particularly preferably completely consist thereof:
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The compounds of the formula V-1a are preferably selected
from the group of the compounds of the formulae V-1a-1 and
V-1a-2, more preferably these compounds of the formula V
predominantly consist, even more preferably essentially con-
sist and very particularly preferably completely consist
thereof:

V-la-1
F
F
V-1a-2
F F
« Q Q Q o
F
in which

R’! has the meaning indicated above and preferably denotes
C,H,,, . in which

n denotes an integer in the range from 0to 7, preferably in the
range from 1 to 5 and particularly preferably 3 or 7.

The compounds of the formula V-1b are preferably com-
pounds of the formula V-1b-1:

V-1b-1
F
A
F
in which

R’! has the meaning indicated above and preferably denotes
C,H,,, . in which

n denotes an integer in the range from O to 15, preferably in
the range from 1 to 7 and particularly preferably 1 to 5.

The compounds of the formula V-1c are preferably selected
from the group of the compounds of the formulae V-1c-1 to
V-1c-4, preferably selected from the group of the compounds
of the formulae V-1c-1 and V-1c¢-2, more preferably these
compounds of the formula V predominantly consist, even
more preferably essentially consist and very particularly pref-
erably completely consist thereof:

V-lc-1
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-continued
V-1c-2
F F
RSI :
V-1c¢-3
F F F
V-1c-4
F F F
in which
R’! has the meaning indicated above and preferably denotes
C,H,,.,, in which

n denotes an integer in the range from 0 to 15, preferably in
the range from 1 to 7 and particularly preferably 1 to 5.
The compounds of the formula V-1d are preferably

selected from the group of the compounds of the formulae

V-1d-1 and V-1d-2, preferably the compound of the formula

V-1d-2, more preferably these compounds of the formula V

predominantly consist, even more preferably essentially con-

sist and very particularly preferably completely consist
thereof:

V-1d-1

F F
V-1d-2
F F
in which
R>! has the meaning indicated above and preferably denotes
C,H,,,,,, in which

n denotes an integer in the range from 0 to 15, preferably in
the range from 1 to 7 and particularly preferably 1 to 5.
The compounds of the formula V-2a are preferably selected

from the group of the compounds of the formulae V-2a-1 and

V-2a-2, preferably the compounds of the formula V-2a-1,

more preferably these compounds of the formula V predomi-

nantly consist, even more preferably essentially consist and
very particularly preferably completely consist thereof:

V-2a-1

RS RSZ

i
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V-2a-2
F F
in which

R>! has the meaning indicated above and preferably denotes

C,H,,., or CH,—CH—(CH,),, and
R>? has the meaning indicated above and preferably denotes

c,H,,,., orO—C,H,, ., or (CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from O to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

Preferred combinations of (R*! and R>?), in particular in
the case of formula V-2a-1, are (C,H,,,, and C,H,,.,,),
(C,H,,,, and O—C_H,, .), (CH,—CH—(CH,),, and
C,H,,..), (CH,—CH—(CH,), and O—C, H,, .,) and
(C,H,,,,, and (CH,),—CH—CH,).

Preferred compounds of the formula V-2b are the com-
pounds of the formula V-2b-1:

2m+1

V-2b-1

in which

R’! has the meaning indicated above and preferably denotes
C,H,,,, or CH,—CH—(CH,),, and

R>? has the meaning indicated above and preferably denotes
c,H,,,., or0O—C, H,,,, or (CH,),—CH—CH,, and in
which

n and m, independently of one another, denote an integer in
the range from O to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.
The preferred combination of (R>' and R?) here is, in

particular, (C H,,,, andC, H, . ).
Preferred compounds of the formula V-2¢ are the com-

pounds of the formula V-2c¢-1:

V-2¢-1

in which

R>! has the meaning indicated above and preferably denotes
C,H,,., or CH,—CH—(CH,),, and

R>? has the meaning indicated above and preferably denotes
c,H,,,., or0O—C, H,,,, or (CH,),—CH—CH,, and in
which
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n and m, independently of one another, denote an integer in
the range from 0 to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combination of (R*>' and R*?) here is, in
particular, (C,H,,,,, and C, H,,,, ).

Preferred compounds of the formula V-2d are the com-
pounds of the formula V-2d-1:

V-2d-1
F F

in which

R’! has the meaning indicated above and preferably denotes
C,H,,,, or CH,—CH—(CH,)_, and

R>2 has the meaning indicated above and preferably denotes
c,H,,,,, orO—C, H,, ., or (CH,),—CH—CH,, and in
which

n and m, independently of one another, denote an integer in
the range from 0 to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.
The preferred combination of (R>* and R>2) here is, in

particular, (C,H,,,,, and C, H,,,, ).
Preferred compounds of the formula V-2e are the com-

pounds of the formula V-2e-1:

V-2e-1
F F

in which

R>! has the meaning indicated above and preferably denotes
C,H,,,, or CH,—CH—(CH,)_, and

R°? has the meaning indicated above and preferably denotes
c,H,,,, orO—C,H, ., or(CH,),—CH—CH,, and in
which

n and m, independently of one another, denote an integer in
the range from 0 to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.
The preferred combination of (R*>' and R*?) here is, in

particular, (C,H,,,,, and O—C,H,,,.,).
Preferred compounds of the formula V-2f are the com-

pounds of the formula V-21-1:

V-21-1

52
in which
R’! has the meaning indicated above and preferably denotes
C,H,,., or CH,—CH—(CH,),, and

5 R® has the meaning indicated above and preferably denotes
c,H,,,., orO—C,H,, ., or (CH,),—CH—CH,, and in
which

n and m, independently of one another, denote an integer in
the range from O to 15, preferably in the range from 1 to 7
10 and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R*' and R*?) here are, in
particular, (C,H,,,, and C,H,,,,) and (CH,,,, and
15 O—C,H,,...), particularly preferably (CH,,,; and C,,
H

2m+1/"
Preferred compounds of the formula V-2g are the com-
pounds of the formula V-2g-1:

20
V-2g-1
F F
in which
30

R>! has the meaning indicated above and preferably denotes
C,H,,., or CH,—CH—(CH,),, and

R>? has the meaning indicated above and preferably denotes
c,H,,,., orO—C,H,, ., or (CH,),—CH—CH,, and in
35 which

n and m, independently of one another, denote an integer in
the range from O to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

40
The preferred combinations of (R*' and R*?) here are, in

particular, (C,H,,,, and C,H,,,,) and (CH,,,, and
0—C,H,,,,), particularly preferably (C,H,,,; and
04CMH2M+1)'

45 The compounds of the formula VI are preferably selected
from the group of the compounds of the formulae VI-1 to
VI-4, more preferably these compounds of the formula VI
predominantly consist, even more preferably essentially con-
sist and very particularly preferably completely consist

50 thereof:

VI-1
VI-2
VI3
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-continued
Vi4

in which

7% and 752 denote trans-CH—CH— or trans-CF—CF—,
preferably trans-CH—CH-—, and the other parameters
have the meaning given above under formula VI and pref-
erably

R® and R, independently of one another, denote H, unfiu-
orinated alkyl or alkoxy having 1 to 7 C atoms or unfluori-
nated alkenyl having 2 to 7 C atoms,

X2 denotes F, Cl, —CN or —NCS, preferably —NCS,

and one of

and the others, independently of one another, denote

F F
F F
F , F >
F F, F

w
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or s

and preferably

R® denotes C,H,,,, or CH,—CH—(CH,),, and

R* denotes C,H,,, or O—C,H, . or (CH)),—
CH—CH,, and in which

n and m, independently of one another, denote an integer in
the range from O to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The compounds of the formula VI-1 are preferably selected
from the group of the compounds of the formulae VI-1a and
VI-1b, preferably selected from compounds of the formula
VI-1a, more preferably these compounds of the formula VI
predominantly consist, even more preferably essentially con-
sist and very particularly preferably completely consist
thereof:

VI-la
F
F
VI-1b
F F
in which

R® has the meaning indicated above and preferably denotes
C,H,,., or CH,—CH—(CH,),, and

R has the meaning indicated above and preferably denotes
c,H,,,., orO—C,H,, ., or (CH,),—CH—CH,, and in
which

n and m, independently of one another, denote an integer in
the range from O to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

2m+

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R%* and R%) here are, in
particular, (CH,,,, and C,H,, ;) and (CH,,,; and
0—C,H,,,.,),inthe case of formula VI-1a particularly pref-
erably (C,H,,,, and C,H,,,,,) and in the case of formula
VI-1b particularly preferably (C,H,,,,, and O—C, H, . ).

The compounds of the formula VI-3 are preferably com-
pounds of the formula VI-3a:
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VI-3a
F
RGI%:C st
i
F

in which the parameters have the meaning given above under

formula VI-3 and preferably

R®! has the meaning indicated above and preferably denotes
C,H,,,,,, in which

n denotes an integer in the range from 0 to 7, preferably in the
range from 1 to 5, and

X%? denotes —F, —Cl, —OCF,, —CN or —NCS, particu-
larly preferably —NCS.
The compounds of the formula VI-4 are preferably com-

pounds of the formula VI-4-a:

VI-4a

F
Rlegzg Q Q st
F

in which the parameters have the meaning given above under
formula VI-4 and preferably

R® has the meaning indicated above and preferably denotes 5

C,H,,,,,, in which

n denotes an integer in the range from 0 to 7, preferably in the
range from 1 to 5, and

X%2 denotes F, C1, OCF,, —CN or —NCS, particularly pref-
erably —NCS.

Further preferred compounds of the formula VI are the 4

compounds of the following formulae:

F
CnH2n+1CEC4Q7NCS
F

F
CnHznﬂG c
F
F
CnHan = @ o

in which
n denotes an integer in the range from 0 to 7, preferably in the
range from 1 to 5.

C
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The compounds of the formula VII are preferably selected
from the group of the compounds of the formulae VII-1 to
VII-6, more preferably these compounds of the formula VII
predominantly consist, even more preferably essentially con-
sist and very particularly preferably completely consist
thereof:

VII-1

Y7 1 Y72 F F
R7 1 Q Q Q X72
F
VII-2
F F y7
R7 1 Q Q Q Q R72
VII-3
F F
R7 1 Q Q Q Q R72
VII-4
F F
R7 1 Q Q Q Q R72
VII-5
F F Y7 1 Y72
R7 1 Q Q Q R72
VII-6
Y7 1 Y72 F F
R7 1 Q Q Q R72

where the compounds of the formula VII-5 are excluded from

the compounds of the formula VII-6, and

in which the parameters have the respective meanings indi-

cated above for formula VII, and preferably

R denotes unfluorinated alkyl or alkoxy, each having 1 to 7
C atoms, or unfluorinated alkenyl having 2 to 7 C atoms,

R? denotes unfluorinated alkyl or alkoxy, each having 1 to 7
C atoms, or unfluorinated alkenyl having 2 to 7 C atoms,
and

X"? denotes F, Cl or —OCF,, preferably F, and

particularly preferably

R has the meaning indicated above and preferably denotes
C,H,,,, or CH,—CH—(CH,),, and

R7? has the meaning indicated above and preferably denotes
c,H,,,., or0O—C, H,,,, or (CH,),—CH—CH,, and in
which

n and m, independently of one another, denote an integer in
the range from O to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.



US 9,296,948 B2

57

The compounds of the formula VIII-1 are preferably
selected from the group of the compounds of the formulae
VlI-1a to VII-1d, more preferably these compounds of the
formula VII-1 predominantly consist, even more preferably
essentially consist and very particularly preferably com-
pletely consist thereof:

VII-la
F F
A0
F
VII-1b
F F
OO
F
VII-1e
F F
R aasaas
F
VII-1d
F F F
o\ ‘et I\
F

in which X”? has the meaning given above for formula VII-2
and

R”! has the meaning indicated above and preferably denotes
C,H,,,,,, in which

n denotes 1 to 7, preferably 2 to 6, particularly preferably 2, 3
or 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2, and

X72 preferably denotes F.

The compounds of the formula VIII-2 are preferably
selected from the group of the compounds of the formulae
VIII-2a and VII-2b, preferably of the formula VII-2a, more
preferably these compounds of the formula VII-2 predomi-
nantly consist, even more preferably essentially consist and
very particularly preferably completely consist thereof:

VII-2a

F F
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-continued
VII-2b

F F F
A0~
in which
R”* has the meaning indicated above and preferably denotes

C,H,,., or CH,—CH—(CH,),, and
R7? has the meaning indicated above and preferably denotes

c,H,,,., or0O—C, H,,,, or (CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from O to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R”* and R7?) here are, in
particular, (C,H,,,, and C,H,,,,) and (CH,,,, and
0—C,H,,,, ), particularly preferably (C,H,,,, and C,
H2m+1)'

The compounds of the formula VIII-3 are preferably com-
pounds of the formula VII-3a:

VII-3a
F F F
A0
in which
R”* has the meaning indicated above and preferably denotes

C,H,,,, or CH,—CH—(CH,),, and
R”? has the meaning indicated above and preferably denotes

c,H,,,., or0O—C, H,,,, or (CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from O to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R”* and R”?) here are, in
particular, (C,H,,,, and C,H,,,,) and (CH,,,, and
0—C,H,,,.,), particularly preferably (C,H,,,, and C,,
H2m+1 .

The compounds of the formula VIII-4 are preferably com-
pounds of the formula VII-4-a:

VII-4a

F F

in which

R has the meaning indicated above and preferably denotes
C,H,,,, or CH,—CH—(CH,),, and

R”? has the meaning indicated above and preferably denotes
c,H,,,., or0O—C, H,,,, or (CH,),—CH—CH,, and in
which
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n and m, independently of one another, denote an integer in
the range from 0 to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R”! and R7?) here are, in
particular, (C,H,,,, and C,H,,.,) and (CH,,,, and
0—C,H,,,.,), particularly preferably (C,H,,,; and C,,
H2m+1)'

The compounds of the formula VIII-5 are preferably
selected from the group of the compounds of the formulae
VIII-5a and VII-5b, preferably of the formula VII-5a, more
preferably these compounds of the formula VII-5 predomi-
nantly consist, even more preferably essentially consist and
very particularly preferably completely consist thereof:

VII-5a
3 F

VII-5b
F F F F

in which
R7! has the meaning indicated above and preferably denotes

C,H,,,, or CH,—CH—(CH,)_, and
R”? has the meaning indicated above and preferably denotes

c,H,,,, orO—C,H, ., or(CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from 0 to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R”! and R7?) here are, in
particular, (C,H,,,, and C,H,,.,) and (CH,,,, and
0—C,H,,,, ), particularly preferably (C,H,,,; and C,
H2m+1 .

The compounds of the formula VIII-6 are preferably
selected from the group of the compounds of the formulae
VIII-6a and VII-6b, more preferably these compounds of the
formula VII-6 predominantly consist, even more preferably
essentially consist and very particularly preferably com-
pletely consist thereof:

VII-6a

F F F

VII-6b

F F F
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in which
R has the meaning indicated above and preferably denotes

C,H,,., or CH,—CH—(CH,),, and
R”? has the meaning indicated above and preferably denotes

c,H,,,., orO—C,H,, ., or (CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from O to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R”* and R7?) here are, in
particular, (CH,,,, and C,H,, ;) and (CH,,,; and
0—C,H,,,.,), particularly preferably (C,H,,,, and C,,
H2m+1)'

The liquid-crystalline media in accordance with the
present application preferably comprise in total 0 to 40%,
preferably 0 to 30% and particularly preferably 5 to 25%, of
compounds of the formula VIII.

The compounds of the formula VIII are preferably selected
from the group of the compounds of the formulae VIII-1 to
VI1II-3, more preferably these compounds of the formula VIII
predominantly consist, even more preferably essentially con-
sist and very particularly preferably completely consist
thereof:

VII-1
YSI YSZ
RSI M =" @7 RSZ
VIII-2
F
F
VIII-3
F F
in which
one of

Y®! and Y®? denotes H and the other denotes H or F, and
R®! has the meaning indicated above and preferably denotes

C,H,,., or CH,—CH-—(CH,),, and
R*? has the meaning indicated above and preferably denotes

c,H,,,., or0O—C, H,,,, or (CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from O to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R®' and R*?) here are, in
particular, (C,H,,,, and C,H,,,,) and (CH,,,, and
0—C,H,,,,,). particularly preferably (C,H,,,, and C,
H

2n+

2m+1/"

The compounds of the formula VIII-1 are preferably
selected from the group of the compounds of the formulae
VIII-1a to VIII-1c, more preferably these compounds of the
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formula VIII-1 predominantly consist, even more preferably
essentially consist and very particularly preferably com-
pletely consist thereof:

VIII-1a

RSIMCEC©7RSZ

VIII-1b

3 F

VIII-1c

F

in which
R®! has the meaning indicated above and preferably denotes

C,H,,,, or CH,—CH—(CH,)_, and
R*? has the meaning indicated above and preferably denotes

c,H,,,,, orO—C, H,, ., or (CH,),—CH—CH,, and in

which n and m, independently of one another, denote an

integer in the range from 0 to 15, preferably in the range
from 1 to 7 and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R®! and R*?) here are, in
particular, (C,H,,,, and C,H,,.,) and (CH,,,, and
0—C,H,,,, ), particularly preferably (C,H,,,; and C,
H2m+1)'

The compounds of the formula VIII-2 are preferably com-
pounds of the formula VIII-2a:

VIII-2a

c= @—RSZ
in which

R®! has the meaning indicated above and preferably denotes

C,H,,,, or CH,—CH—(CH,)_, and
R®? has the meaning indicated above and preferably denotes

c,H,,,, orO—C,H, ., or(CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from 0 to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R®! and R®?) here are, in
particular, (CH,,,, and C,H,. .), (CH,,,, and
0—C,H,,,,,)and (CH,—CH—(CH,),and C,,H,,,. ), par-
ticularly preferably (C,H,,,, and C, H,,,,,)-

The compounds of the formula VIII-3 are preferably com-
pounds of the formula VIII-3a:

5
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aOala

in which
R®! has the meaning indicated above and preferably denotes

C,H,,., or CH,—CH—(CH,),, and
R*? has the meaning indicated above and preferably denotes

c,H,,,., orO—C,H,, ., or (CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from O to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R®' and R*?) here are, in
particular, (C,H,,,, and C,H,,,,) and (CH,,,, and
04CMH2M+1)'

The compounds of the formula IX are preferably selected
from the group of the compounds of the formulae 1X-1 to
1X-3, more preferably these compounds of the formula IX
predominantly consist, even more preferably essentially con-
sist and very particularly preferably completely consist
thereof:

VIII-3a

IX-1
F
IX-2
IX-3
F F

in which the parameters have the respective meaning indi-

cated above under formula IX and preferably
one of

()= )
denotes
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-continued

and

in which

R®! has the meaning indicated above and preferably denotes
C,H,,., or CH,—CH—(CH,),, and

R®? has the meaning indicated above and preferably denotes
c,H,,,,, orO—C, H,, ., or (CH,),—CH—CH,, and in
which

n and m, independently of one another, denote an integer in

the range from 0 to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R®! and R®?) here are, in
particular, (C,H,,,, and C,H,,.,) and (C,H,,,, and
0—C,H,,..1)

The liquid-crystalline media in accordance with the
present application preferably comprise in total 5 to 30%,
preferably 10 to 25% and particularly preferably 15 to 20%,
of compounds of the formula IX.

The compounds of the formula IX-1 are preferably
selected from the group of the compounds of the formulae
1X-1a to IX-le, more preferably these compounds of the
formula IX-1 predominantly consist, even more preferably
essentially consist and very particularly preferably com-
pletely consist thereof:

X92

F
IX-1b
F
(6]
R9 1 { Q Q Q ng
(6]

IX-1c
F F
F
IX-1d
F F
(6]
F
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IX-le
F F
(@]
Rgl { Q Q Q ng
(@]
F

in which the parameters have the meaning given above and
preferably

R®! has the meaning indicated above and preferably denotes
CnH2n+1 ’ and

n denotes an integer in the range from O to 15, preferably in
the range from 1 to 7 and particularly preferably 1to 5, and

X°? preferably denotes F or CI.

The compounds of the formula IX-2 are preferably
selected from the group of the compounds of the formulae
1X-2a and IX-2b, more preferably these compounds of the
formula IX-2 predominantly consist, even more preferably
essentially consist and very particularly preferably com-
pletely consist thereof:

IX-2a
F
IX-2b
F
in which

R®! has the meaning indicated above and preferably denotes
C,H,,., or CH,—CH—(CH,),, and

R®? has the meaning indicated above and preferably denotes
c,H,,,., or0O—C, H,,,, or (CH,),—CH—CH,, and in
which

n and m, independently of one another, denote an integer in
the range from O to 15, preferably in the range from 1 to 7
and particularly preferably 1 to 5, and

z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combination of (R°* and R%?) here is, in
particular, (C,H,,,,, and C, H,,,, ).

The compounds of the formula IX-3 are preferably com-
pounds of the formulae [X-3a and 1X-3b:

IX-3a

F, F
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IX-3b
F F
R91 . Q Q Q O Cnllam

in which
R®! has the meaning indicated above and preferably denotes

C,H,,., or CH,—CH—(CH,),, and
R®? has the meaning indicated above and preferably denotes

c,H,,,., or O—C H,,,., or (CH,),—CH—CH,, and in

which
n and m, independently of one another, denote an integer in

the range from 0 to 15, preferably in the range from 1 to 7

and particularly preferably 1 to 5, and
z denotes 0, 1, 2, 3 or 4, preferably 0 or 2.

The preferred combinations of (R°! and R"?) here are, in
particular, (C,H,,,, and C,H,,.,) and (CH,,,, and
0—C,H,,,,,). particularly preferably (CH,,,, and
0—C,H,,..1)

In a preferred embodiment of the present invention, the
medium comprises one or more dielectrically positive com-
pounds of the formula V-1 having a dielectric anisotropy of
greater than 3.

The liquid-crystalline media in accordance with the
present invention preferably comprise 10% or less, preferably
5% or less, particularly preferably 2% or less, very particu-
larly preferably 1% or less, and in particular absolutely no
compound having only two or fewer five- and/or six-mem-
bered rings.

In a preferred embodiment of the present invention, the
medium comprises one or more compounds of the formula
VL

In a further preferred embodiment of the present invention,
the medium comprises one or more compounds of the for-
mula VIL.

The definitions of the abbreviations (acronyms) used for
the compounds in the present application are indicated below
in Table D or are evident from Tables A to C.

In a preferred embodiment of the present invention, the
liquid-crystal medium, or component A of the liquid-crystal
medium, comprises one or more compounds of the formulae
IB-1 and/or IB-2 and/or IB-3 and/or IB-4.

The liquid-crystal medium, or component A of the liquid-
crystal medium, preferably comprises one or more com-
pounds selected from the compounds of the formulae IB-1a-1
to IB-1a-12, particularly preferably of the formula IB-1a-2,
very particularly preferably one or more compounds of the
formula IB-1a-2 and one or more compounds selected from
the group of the compounds of the formula IB-la-1 and
formulae IB-1a-3 to IB-1a-12, and one or more compounds of
the formulae IB-1b-1 to IB-1b-12 and/or IB-2 and/or 1B-3
and/or IB-4.

In a further preferred embodiment of the present invention,
the liquid-crystal medium, or component A of the liquid-
crystal medium, comprises one or more compounds selected
from the group of the compounds of the formulae IB-1b-1 to
IB-1b-12, particularly preferably selected from the group of
the compounds of the formulae IB-1b-5 and/or IB-1b-7 and/
or IB-1b-8 and/or IB-1b-9 and/or IB-1b-10, and one or more
compounds selected from the group of the compounds of the
formulae IB-la-1 to IB-la-12, preferably of the formula
1B-1a-2, and/or one or more compounds of the formulae IB-2
and/or IB-3 and/or IB-4.
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In a further preferred embodiment of the present invention,
the liquid-crystal medium, or component A of the liquid-
crystal medium, comprises one or more compounds of the
formula IB-2 and one or more compounds of the formula
IB-1, preferably of the formula IB-1a, preferably of the for-
mulae IB-1a-2, and/or IB-1b, and/or one or more compounds
of the formulae IB-3 and/or IB-4.

In a further preferred embodiment of the present invention,
the liquid-crystal medium, or component A of the liquid-
crystal medium, comprises one or more compounds of the
formula IB-3 and one or more compounds of the formula
IB-1, preferably of the formula IB-1a, preferably of the for-
mula IB-1a-2, and/or IB-1b, and/or one or more compounds
of the formulae IB-2 and/or IB-4.

In a further preferred embodiment of the present invention,
the liquid-crystal medium, or component A of the liquid-
crystal medium, comprises one or more compounds of the
formula 1B-4 and one or more compounds of the formula
IB-1, preferably of the formula IB-1a, preferably of the for-
mula IB-1a-2, and/or IB-1b, and/or one or more compounds
of the formulae IB-2 and/or IB-3.

The liquid-crystalline media in accordance with the
present invention preferably comprise, more preferably pre-
dominantly consist of, even more preferably essentially con-
sist of and very particularly preferably completely consist of
compounds selected from the group of the compounds of the
formulae [A, IB, II, IV and V, preferably 1A, IB, IIA, IIB and
1V, or selected from the group of the compounds of the for-
mulae 1A, IB, IIIA, IIIB, IV and V, preferably 1A, IB, MA,
1I1B and IV.

In this application, comprise in connection with composi-
tions means that the entity in question, i.e. the medium or the
component, comprises the component or components or
compound or compounds indicated, preferably in a total con-
centration of 10% or more and very preferably 20% or more.

In this connection, predominantly consist of means that the
entity in question comprises 55% or more, preferably 60% or
more and very preferably 70% or more, of the component or
components or compound or compounds indicated.

In this connection, essentially consist of means that the
entity in question comprises 80% or more, preferably 90% or
more and very preferably 95% or more, of the component or
components or compound or compounds indicated.

In this connection, completely consist of means that the
entity in question comprises 98% or more, preferably 99% or
more and very preferably 100.0% of the component or com-
ponents or compound or compounds indicated.

Other mesogenic compounds which are not explicitly men-
tioned above can optionally and advantageously also be used
in the media in accordance with the present invention. Such
compounds are known to the person skilled in the art.

The liquid-crystal media in accordance with the present
invention preferably have a clearing point of 90° C. or more,
more preferably 100° C. or more, even more preferably 120°
C. or more, particularly preferably 150° C. or more and very
particularly preferably 170° C. or more.

The nematic phase of the media according to the invention
preferably extends at least from 20° C. or less to 90° C. or
more, preferably up to 100° C. or more, more preferably at
least from 0° C. or less to 120° C. or more, very preferably at
least from —10° C. or less to 140° C. or more and in particular
at least from -20° C. or less to 150° C. or more.

The Ae ofthe liquid-crystal medium in accordance with the
invention, at 1 kHz and 20° C., is preferably 1 or more, more
preferably 2 or more and very preferably 3 or more.

The An of the liquid-crystal media in accordance with the
present invention, at 589 nm (Na”) and 20° C., is preferably
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in the range from 0.200 or more to 0.90 or less, more prefer-
ably in the range from 0.250 or more to 0.90 or less, even more
preferably in the range from 0.300 or more to 0.85 or less and
very particularly preferably in the range from 0.350 or more
to 0.800 or less.

In a preferred embodiment of the present application, the
An of the liquid-crystal media in accordance with the present
invention is preferably 0.40 or more, more preferably 0.45 or
more.

In accordance with the present invention, the individual
compounds of the formula IA in the liquid-crystal media are
preferably used in a total concentration of 10% to 100%, more
preferably 30% to 95%, even more preferably 40% to 90%
and very preferably 50% to 90%, of the mixture as a whole.

In accordance with the present invention, the individual
compounds of the formula IB in the liquid-crystal media are
preferably used in a total concentration of 10% to 100%, more
preferably 30% to 95%, even more preferably 40% to 90%
and very preferably 50% to 90%, of the mixture as a whole.

In the embodiment of the present invention in which the
liquid-crystal media comprise one or more compounds
selected from the group ofthe compounds ofthe formulae [TA
and 1B, the further compounds are preferably employed as
follows.

The compounds selected from the group of the compounds
of the formulae IIA and IIB are preferably used in a total
concentration of 1% to 30%, more preferably 2% to 20%,
even more preferably 3% to 18% and very preferably 4% to
16%, of the mixture as a whole.

The compounds of the formula IV are preferably usedin a
total concentration of 1% to 20%, more preferably 2% to
15%, even more preferably 3% to 12% and very preferably
5% to 10%, of the mixture as a whole.

The liquid-crystal media preferably comprise, more pref-
erably predominantly consist of and very preferably com-
pletely consist of in total 70% to 100%, more preferably 80%
to 100% and very preferably 90% to 100% and in particular
95% to 100%, of the compounds of the formulae 1A, 1B, I1A,
1IB and IV to IX, preferably ofthe formulae [, IIA, IIB and IV.

In the embodiment of the present invention in which the
liquid-crystal media comprise one or more compounds
selected from the group of the compounds of the formulae
IIMIA and IIIB, the further compounds are preferably
employed as follows.

The compounds selected from the group of the compounds
of the formulae IITA and IIIB are preferably used in a total
concentration of 1% to 60%, more preferably 5% to 55%,
even more preferably 7% to 50% and very preferably 10% to
45%, of the mixture as a whole.

If the liquid-crystal media comprise only one or more
compounds of the formula IIIA, but no compounds of the
formula I1IB, the compounds of the formula IIIA are prefer-
ably used in a total concentration of 10% to 60%, more
preferably 20% to 55%, even more preferably 30% to 50%
and very preferably 35% to 45%, of the mixture as a whole.

If the liquid-crystal media comprise only one or more
compounds of the formula MB, but no compounds of the
formula I1IA, the compounds of the formula IIIB are prefer-
ably used in a total concentration of 5% to 45%, more pref-
erably 10% to 40%, even more preferably 15% to 35% and
very preferably 20% to 30%, of the mixture as a whole.

If the liquid-crystal media comprise both one or more
compounds of the formula IITA and one or more compounds
of the formula IIIB, the compounds of the formula IIIA are
preferably used in a total concentration of 5% to 50%, more
preferably 10% to 45%, even more preferably 15% to 30%
and very preferably 20% to 25%, of the mixture as a whole
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and the compounds of the formula I1IB are preferably used in
a total concentration of 1% to 35%, more preferably 5% to
30%, even more preferably 7% to 25% and very preferably
10% to 20%, of the mixture as a whole.

The compounds of the formula IV are preferably used in a
total concentration of 1% to 20%, more preferably 2% to
15%, even more preferably 3% to 12% and very preferably
5% to 10%, of the mixture as a whole.

The liquid-crystal media preferably comprise, more pref-
erably predominantly consist of and very preferably com-
pletely consist of in total 70% to 100%, more preferably 80%
to 100% and very preferably 90% to 100% and in particular
95% to 100%, of compounds selected from the group of the
compounds of the formulae 1A, IB, IIIA, I1IB and IV to IX,
preferably of the formulae IA, 1B and/or IIIA and/or I1IB.

In a particularly preferred embodiment of the present
invention, the liquid-crystalline media comprise one or more
compounds of the formula V and one or more compounds of
the formula VI.

In a further particularly preferred embodiment of the
present invention, the liquid-crystalline media comprise one
or more compounds of the formula V and one or more com-
pounds of the formula VII.

The liquid-crystalline media in accordance with the
present invention likewise preferably comprise one or more
compounds of the formula V, one or more compounds of the
formula VI and one or more compounds of the formula VIII.

If the liquid-crystalline media in accordance with the
present application comprise one or more compounds of the
formula V, the concentration of these compounds is prefer-
ably in total 10 to 30%, preferably 15 to 25% and particularly
preferably 18 to 22%.

If the liquid-crystalline media in accordance with the
present application comprise one or more compounds of the
formula VI, the concentration of these compounds is prefer-
ably in total 15 to 35%, preferably 18 to 30% and particularly
preferably 22 to 26%.

If the liquid-crystalline media in accordance with the
present application comprise one or more compounds of the
formula VII, the concentration of these compounds is prefer-
ably in total 4 to 25%, preferably 8 to 20% and particularly
preferably 10 to 14%.

If the liquid-crystalline media in accordance with the
present application comprise one or more compounds of the
formula VIII, the concentration of these compounds is pref-
erably in total 15 to 35%, preferably 18 to 30% and particu-
larly preferably 22 to 26%.

If the liquid-crystalline media in accordance with the
present application comprise one or more compounds of the
formula IX, the concentration of these compounds is prefer-
ably in total 5 to 25%, preferably 10 to 20% and particularly
preferably 13 to 17%.

In the present application, the expression dielectrically
positive describes compounds or components where Ae>3.0,
dielectrically neutral describes those where —1.5<Ae<3.0 and
dielectrically negative describes those where Ae<-1.5. Ae is
determined at a frequency of 1 kHz and at 20° C. The dielec-
tric anisotropy of the respective compound is determined
from the results of a solution of 10% of the respective indi-
vidual compound in a nematic host mixture. If the solubility
of the respective compound in the host mixture is less than
10%, the concentration is reduced to 5%. The capacitances of
the test mixtures are determined both in a cell having homeo-
tropic alignment and in a cell having homogeneous align-
ment. The cell thickness of both types of cells is approxi-
mately 20 um. The voltage applied is a rectangular wave
having a frequency of 1 kHz and an effective value of typi-
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cally 0.5V to 1.0V, but it is always selected to be below the
capacitive threshold of the respective test mixture.
The following definitions apply here.

Ae=(g~€,) and

€ (€+2€,)/3.

average

The host mixture used for dielectrically positive com-
pounds is mixture ZI.I-4792 and that used for dielectrically
neutral and dielectrically negative compounds is mixture
Z1.1-3086, both from Merck KGaA, Germany. The absolute
values of the dielectric constants of the compounds are deter-
mined from the change in the respective values of the host
mixture on addition of the compounds of interest. The values
are extrapolated to a concentration of the compounds of inter-
est of 100%.

Components having a nematic phase at the measurement
temperature of 20° C. are measured as such, all others are
treated like compounds.

The expression threshold voltage in the present application
refers to the optical threshold and is quoted for 10% relative
contrast (V ), and the expression saturation voltage refers to
the optical saturation and is quoted for 90% relative contrast
(Vg0), in both cases unless expressly stated otherwise. The
capacitive threshold voltage (V,)), also called the Freedericks
threshold (V,), is only used if expressly mentioned.

The parameter ranges indicated in this application all
include the limit values, unless expressly stated otherwise.

The different upper and lower limit values indicated for
various ranges of properties in combination with one another
give rise to additional preferred ranges.

Throughout this application, the following conditions and
definitions apply, unless expressly stated otherwise. All con-
centrations are quoted in percent by weight and relate to the
respective mixture as a whole, all temperatures are quoted in
degrees Celsius and all temperature differences are quoted in
differential degrees. All physical properties are determined in
accordance with “Merck Liquid Crystals, Physical Properties
of Liquid Crystals”, Status November 1997, Merck KGaA,
Germany, and are quoted for a temperature of 20° C., unless
expressly stated otherwise. The optical anisotropy (An) is
determined at a wavelength of 589.3 nm. The dielectric
anisotropy (Ae) is determined at a frequency of 1 kHz. The
threshold voltages, as well as all other electro-optical prop-
erties, are determined using test cells produced at Merck
KGaA, Germany. The test cells for the determination of Ae
have a cell thickness of approximately 20 um. The electrode
is a circular ITO electrode having an area of 1.13 cm? and a
guard ring. The orientation layers are SE-1211 from Nissan
Chemicals, Japan, for homeotropic orientation (€) and poly-
imide AL-1054 from Japan Synthetic Rubber, Japan, for
homogeneous orientation (€, ). The capacitances are deter-
mined using a Solatron 1260 frequency response analyser
using a sine wave with a voltage of 0.3V, .

The light used in the electro-optical measurements is white
light. A set-up using a commercially available DMS instru-
ment from Autronic-Melchers, Germany, is used here. The
characteristic voltages have been determined under perpen-
dicular observation. The threshold (V ), mid-grey (V) and
saturation (V) voltages have been determined for 10%, 50%
and 90% relative contrast, respectively.

The liquid-crystalline media are investigated with respect
to their properties in the microwave frequency region as
described in A. Penirschke et al., “Cavity Perturbation
Method for Characterisation of Liquid Crystals up to 35
GHz”, 34” European Microwave Conference—Amsterdam,
pp- 545-548. Compare in this respect also A. Gaebler et al.,
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“Direct Simulation of Material Permittivites . . . ”, 12MTC
2009—International Instrumentation and Measurement
Technology Conference, Singapore, 2009 (IEEE), pp. 463-
467, and DE 10 2004 029 429 A, in which a measurement
method is likewise described in detail.

The liquid crystal is introduced into a cylindrical polytet-
rafluoroethylene (PTFE) or quartz capillary. The capillary has
an internal radius of 180 um and an external radius of350 pm.
The effective length is 2.0 cm. The filled capillary is intro-
duced into the centre of the cylindrical cavity with a reso-
nance frequency of 19 GHz. This cavity has a length of 11.5
mm and a radius of 6 mm. The input signal (source) is then
applied, and the result of the output signal is recorded using a
commercial vector network analyser. For other frequencies,
the dimensions of the cavity are adapted correspondingly.

The change in the resonance frequency and the Q factor
between the measurement with the capillary filled with the
liquid crystal and the measurement without the capillary
filled with the liquid crystal is used to determine the dielectric
constant and the loss angle at the corresponding target fre-
quency by means of equations 10 and 11 of the above-men-
tioned publication A. Penirschke et al., “Cavity Perturbation
Method for Characterisation of Liquid Crystals up to 35
GHz”, 34™ European Microwave Conference—Amsterdam,
pp. 545-548, as described therein.

The values for the components of the properties perpen-
dicular and parallel to the director of the liquid crystal are
obtained by alignment of the liquid crystal in a magnetic field.
To this end, the magnetic field of a permanent magnet is used.
The strength of the magnetic field is 0.35 tesla. The alignment
of the magnet is set correspondingly and then rotated corre-
spondingly through 90°.

Preferred components are phase shifters, varactors, wire-
less and radio wave antenna arrays, matching circuit adaptive
filters and others.

In the present application, the term compounds is taken to
mean both one compound and a plurality of compounds,
unless expressly stated otherwise.

The liquid-crystal media according to the invention pref-
erably have nematic phases of in each case at least from —-20°
C. to 80° C., preferably from -30° C. to 85° C. and very
particularly preferably from —-40° C. to 100° C. The phase
particularly preferably extends to 120° C. or more, preferably
to 140° C. or more and very particularly preferably to 160° C.
or more. The expression have a nematic phase here means on
the one hand that no smectic phase and no crystallisation are
observed at low temperatures at the corresponding tempera-
ture and on the other hand that no clearing occurs on heating
from the nematic phase. The investigation at low tempera-
tures is carried out in a flow viscometer at the corresponding
temperature and checked by storage in test cells having a
layer thickness of 5 um for at least 100 hours. At high tem-
peratures, the clearing point is measured in capillaries by
conventional methods.

Furthermore, the liquid-crystal media according to the
invention are characterised by high optical anisotropies in the
visible region. The birefringence at 589 nm is preferably 0.20
or more, particularly preferably 0.25 or more, particularly
preferably 0.30 or more, particularly preferably 0.40 or more
and very particularly preferably 0.45 or more. In addition, the
birefringence is preferably 0.80 or less.

In a preferred embodiment of the present invention, the
liquid-crystal media employed have positive dielectric
anisotropy (). This is preferably 1.8 or more and 15.0 or less,
more preferably between 2.0 or more and 10.0 or less, par-
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ticularly preferably between 3.0 or more and 8.0 or less and
very particularly preferably between 3.5 or more and 6.0 or
less.

If the liquid-crystal media employed have negative dielec-
tric anisotropy ( ), this is preferably less than or equal to -2.5,
particularly preferably less than or equal to —-4.0 and very
particularly preferably less than or equal to -5.0.

In this preferred embodiment of the present invention, in
which the liquid-crystal media employed have negative
dielectric anisotropy ( ), the value thereof is preferably
between 1.5 or more and 15.0 or less, particularly preferably
between 1.8 or more and 12.0 or less and very particularly
preferably between 2.0 or more and 10.0 or less.

Furthermore, the liquid-crystal media according to the
invention are characterised by high anisotropies in the micro-
wave region and/or millimeter wave region. The birefrin-
gence is, for example, preferably 0.14 or more, particularly
preferably 0.15 or more, particularly preferably 0.20 or more,
particularly preferably 0.25 or more and very particularly
preferably 0.30 or more, at about 8.3 GHz. In addition, the
birefringence is preferably 0.80 or less.

The dielectric anisotropy in the microwave region is
defined as

Ae,=(€, €, 1)-

The tuneability () is defined as

=(Ae, /€, ).

The material quality (1)) is defined as

n=(t/tan d where

er . )>

the maximum dielectric loss is

tan 9,

ermax.

=max. {tan d, , ;tan &, }.

The material quality (v) of the preferred liquid-crystal
materials is 6 or more, preferably 8 or more, preferably 10 or
more, preferably 15 or more, preferably 17 or more, prefer-
ably 20 or more, particularly preferably 25 or more, very
particularly preferably 30 and in particular 40 or more or even
50 or more.

In the corresponding components, the preferred liquid-
crystal materials have phase shifter qualities of 15°/dB or
more, preferably 20°/dB or more, preferably 30°/dB or more,
preferably 40°/dB or more, preferably 50°/dB or more, par-
ticularly preferably 80°/dB or more and very particularly
preferably 100°/dB or more.

In some embodiments, however, it is also possible to use
liquid crystals having a negative value of the dielectric anisot-
ropy.

The liquid crystals employed are either individual sub-
stances or mixtures. They preferably have a nematic phase.

The term “alkyl” preferably encompasses straight-chain
and branched alkyl groups, as well as cycloalkyl groups, each
having 1 to 15 carbon atoms, in particular the straight-chain
groups methyl, ethyl, propyl, butyl, pentyl, hexyl and heptyl,
as well as cyclopropyl and cyclohexyl. Groups having 2 to 10
carbon atoms are generally preferred.

The term “alkenyl” preferably encompasses straight-chain
and branched alkenyl groups having 2 to 15 carbon atoms, in
particular the straight-chain groups. Particularly preferred
alkenyl groups are C,- to C,-1E-alkenyl, C,- to C,-3E-alk-
enyl, Cs- to C,-4-alkenyl, C4- to C,-5-alkenyl and C,-6-
alkenyl, in particular C,- to C,-1E-alkenyl, C,- to C,-3E-
alkenyl and Cs- to C,-4-alkenyl. Examples of further
preferred alkenyl groups are vinyl, 1E-propenyl, 1E-butenyl,
1E-pentenyl, 1E-hexenyl, 1E-heptenyl, 3-butenyl, 3E-pente-
nyl, 3E-hexenyl, 3E-heptenyl, 4-pentenyl, 4Z-hexenyl,
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4E-hexenyl, 4Z-heptenyl, 5-hexenyl, 6-heptenyl and the like.
Groups having up to 5 carbon atoms are generally preferred.

The term “fluoroalkyl” preferably encompasses straight-
chain groups having a terminal fluorine, i.e. fluoromethyl,
2-fluoroethyl, 3-fluoropropyl, 4-fluorobutyl, 5-fluoropentyl,
6-fluorohexyl and 7-fluoroheptyl. However, other positions
of the fluorine are not excluded.

The term “oxaalkyl” or “alkoxyalkyl” preferably encom-
passes straight-chain radicals of the formula C H,,,,—O—
(CH,),,, in which n and m each, independently of one another,
denote an integer from 1 to 10. Preferably, n here is 1 and m
is1to6.

Compounds containing a vinyl end group and compounds
containing a methyl end group have low rotational viscosity.

Inthe present application, both high-frequency technology
and hyperfrequency technology denote applications having
frequencies in the range from 1 MHz to 100 THz, preferably
from 1 GHz to 30 THz, more preferably 2 GHz to 10 THz,
particularly preferably from about 5 GHz to 5 THz.

The liquid-crystal media in accordance with the present
invention may comprise further additives and chiral dopants
in the usual concentrations. The total concentration of these
further constituents is in the range from 0% to 10%, prefer-
ably 0.1% to 6%, based on the mixture as a whole. The
concentrations of the individual compounds used are each
preferably in the range from 0.1% to 3%. The concentration
of these and similar additives is not taken into consideration
when quoting the values and concentration ranges of the
liquid-crystal components and liquid-crystal compounds of
the liquid-crystal media in this application.

The liquid-crystal media according to the invention consist
of a plurality of compounds, preferably 3 to 30, more prefer-
ably 4 to 20 and very preferably 4 to 15 compounds. These
compounds are mixed in a conventional manner. In general,
the desired amount of the compound used in the smaller
amount is dissolved in the compound used in the larger
amount. If the temperature is above the clearing point of the
compound used in the higher concentration, it is particularly
easy to observe completion of the dissolution process. It is,
however, also possible to prepare the media in other conven-
tional ways, for example using so-called pre-mixes, which
can be, for example, homologous or eutectic mixtures of
compounds, or using so-called “multibottle” systems, the
constituents of which are themselves ready-to-use mixtures.

All temperatures, such as, for example, the melting point
T(C,N) or T(C,S), the transition from the smectic (S) to the
nematic (N) phase T(S,N) and the clearing point T(N,I) of the
liquid crystals, are quoted in degrees Celsius. All temperature
differences are quoted in differential degrees.

In the present invention and especially in the following
examples, the structures of the mesogenic compounds are
indicated by means of abbreviations, also referred to as acro-
nyms. In these acronyms, the chemical formulae are abbre-
viated as follows using Tables A to C below. All groups
C H,,.., C,H,,.,, and CH,,,, or CH,, ,, C,H,, |, and
CH,, , denote straight-chain alkyl or alkenyl, preferably
1E-alkenyl, having n, m and 1C atoms respectively, where n,
mand 1, independently of one another, denote an integer from
1 to 9, preferably 1 to 7, or from 2 to 9, preferably 2 to 7,
respectively. C_H,_, , denotes straight-chain alkyl having 1 to
7, preferably 1 to 4, C atoms, or branched alkyl having 1 to 7,
preferably 1 to 4, C atoms.

Table A lists the codes used for the ring elements of the core
structures of the compounds, while Table B shows the linking
groups. Table C gives the meanings of the codes for the
left-hand or right-hand end groups. Table D shows illustrative
structures of compounds with their respective abbreviations.
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TABLE A-continued
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TABLE A-continued

Ring elements

Gl(e5)

GI(c6)

Gl(e6)

DI

Al

GI

Ul

MI

()

10

15

XA G

20
F Q
Q )
0
0
0
F
_<\ >_ 45
F
% > 50
F
F 55
60

65

Ring elements

NI

NI

N2, 6)

N31I

tHI

tH21T

KI

LI

FI

PI(o)

PI(c3)

~O-

7\

F

O

F

paet

PR or
-O-
-

Colaot

o
o



79
TABLE A-continued

US 9,296,948 B2

Ring elements

PI(t4)

PI(c3)

PI(c4)

PI(c5)

PI(e5)

PI(c6)

PI(e6)

PI(o, 5F)

eateat- e g S

0€{1;2;3;4;5;6}

10

15

20

25

30

35

40

45

50

55

60

65
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Ring elements

PI(o, 6F) H(CH),
F
0€{1;2;3;4;5;6}
PI(3x0) H(CH), (CHy)oH
H(CHz),
0€{1;2;3;4;5;6}
G(o) H(CHy), F
0€{1;2;3;4;5;6}
G(3) E
F
G(t4) f g
F
G(c3) ?
F
G(c4) [ 3
F
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Ring elements

TABLE A-continued

G(c5)

G(c5)

G(c6)

Q

Ring elements

5
G(eb)
10 F
15
TABLE B
Linking groups
20
E —CH,CH,— z —CO—0—
v —CH=CH— Z1 —O0—CO—
X —CF=CH— o —CH,—0—
XI —CH=CF— (@) —O—CH,—
B —CF=CF— Q —CF,—O—
25 T —C=C— QI —O—CF,—
\ —CF,CF,—
TABLE C
End groups
Left-hand side Right-hand side
Use alone
-n- CoHop— - —C,Hapy
-nO- C,Hyp i —O— -n0 —O0—C,Hypyy
-V- CH,—CH— -V —CH=CH,
-nV- C.H,,,,—CH—CH— -nv —C,H,,—CH=CH,
-Vn- CH,—CH—C,H,,,,— -Vn —CH—CH—C,H,,,,
-nVm- cH,,, , —CH—CH—C,H, — -nVm —C,H,—CH—CH—C,H,,,,,
-N- N=C— -N —C=N
-S- S—=C=N— -S —N=C=S
-F- F— -F —F
-CL- Cl— -CL —Cl
-M- CFH,— -M —CFH,
-D- CF,H— -D —CF,H
-T- CF3— -T —CF,
-MO- CFH,O0— -OM —OCFH,
-DO- CF,HO— -OD —OCF,H
-TO- CF,0— -OT —OCF;
-OXF- CF,—CH—0O— -OXF —O—CH—CF,
-A- H—C=C— -A —C=C—H
-nA- C,H,,, —C=C— -An —C=C—C,Hy,,,
-NA- N=C—C=C— -AN —C=C—C=N
Use together with others
AL - —C=C— LA —C=C—
-V CH—CH— -V —CH=CH—
-2 —CO—0— - Z.. —CO—0—
EIY/ G —O0—CO— - 71 —0—CO—
- K- —CO— - KL —CO—
- W —CF=CF— - WL —CF=CF—
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T3

in which n and m each denote integers, and the three dots . to illustrate the meaning of the rules for the abbreviations.
are placeholders for other abbreviations from this table.

The following table shows illustrative structures together
with their respective abbreviations. These are shown in order used.

They furthermore represent compounds which are preferably

TABLE D

Illustrative structures

The illustrative structures show compounds which are particularly preferably employed.

Examples of compounds of component A

(CHy) H

anz,qﬂA@fCEc‘QCECOCmHM
F

PTP(o, 5F)TP-n-m, 0 3 {1; 2; 3;4; 5; 6}, preferably o =1 or 2

(CHy) H

CnH2n+14©7CEC4©7CEC @CmHzm+1
F

PTP(o, 6F)TP-n-m, 0 3 {1; 2; 3;4; 5; 6}, preferably o =1 or 2

H(CHy), (CHy) H

CnH2n+14©7CEC4C§7CEC CoHaper

H(CH)n

PTP(3%0)TP-n-m, 0 3 {1; 2; 3; 4; 5; 6}, preferably o = 1

H(CHy), (CHy) H

CnH2n+14©—CEC4Q7CEC CpHopit

H(CH), (CHy) H

PTP(4x0)TP-n-m, 0 3 {1; 2; 3; 4; 5; 6}, preferably o = 1
(CHy) H
CnH2n+14©7CEC4®7CEC CpHopti
PTP(0)TP-n-m, 03 {1;2; 3;4;5; 6}
(CHz)oH

c,1}12,1+14<;>7czc4<;§—cEc4<;>—o—cm}12m+l

PTP(0)TP-n-Om, 03 {1;2;3;4;5; 6}
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Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

CyHape 1—@— C=cC c=c CpHamet

PTP(i3)TP-n-m

anMl—@—czc C=cC O—CpHami1

PTP(i3)TP-n-Om

CnHZnHA@—CEC C=cC CpHamt

PTP(c3)TP-n-m

anZnHA@fczc c= 0—CpHapi

PTP(c3)TP-n-Om

anZnHA@fczc c= CpHamt

PTP(c4)TP-n-m

anZnHA@fczc c= 0—CpHapi

PTP(c4)TP-n-Om

an2n+14©7CEc C=cC CpHamt

PTP(c5)TP-n-m
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Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

CoHopen C=cC Cc=cC O0—CpHapmi

.
>

PTP(c5)TP-n-Om

o

CoHop C=cC Cc= CpHom+1

.
>

PTP(e5)TP-n-m

o

CoHoei C=cC Cc=cC O0—CpHapmi

-
>

PTP(e5)TP-n-Om

CoHapmr1

CpHopt 1@(3 =

>

PTP(c6)TP-n-m

CoHapn

T

CECOO_CmHZWI

PTP(c6)TP-n-Om

CuHaptr (0)—CpHamn

¢

PTP(e6)TP-n-(O)m
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Tllustrative structures

The illustrative structures show compounds which are particularly preferably employed.

(CHy)H

CnH2n+1©7CEC—©7CEC X

PTP(0)TP-n-X, X =F,Cl,03{1;2;3;4;5;6}

(CHy) H F

anZ,M‘@—cch@—czc X

PTP(0)TU-n-X, X=F,Cl,03{1; 2; 3;4;5; 6}

(CHy) H

CoHapey c= c= NCS

PTP(0)TP-n-S 05 {1;2;3;4;5; 6}

F (CHp),H

CoHapri c=c c=cC CoHape

PTGI(0)TP-n-m, 0 3 {1; 2; 3; 4; 5; 6}

F (CHp),H

anz,qH‘@—czc@—czc O—CHami1

PTGI(0)TP-n-Om, 03 {1;2; 3;4;5; 6}

CnHZnHA@—CEC c= CpHamt

PTGI(i3)TP-n-m

anZ,MA@fczc = O—CpHame1

PTGI(i3)TP-n-Om

CnHZnHA@fCEC C=cC CopHapmr1

PTGI(c3)TP-n-m
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Tllustrative structures

The illustrative structures show compounds which are particularly preferably employed.

anZ,MA@fczc c= 0—CpHapi

PTGI(c3)TP-n-Om

anZnHA@fczc C=cC CpHamt

PTGI(o4)TP-n-m

anZnHA@fczc c= 0—CpHapi

PTGI(c4)TP-n-Om

anZnHA@—CEC C=cC CopHapmr1

PTGI(c5)TP-n-m

anZnHA@fczc c= 0—CpHapi

PTGI(c5)TP-n-Om

F g
anZnHA@fczc c= CpHamt

PTGI(e5)TP-n-m
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Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

)
anZnHA@—CEC CEC@O—CWHZWI

PTGI(e5)TP-n-Om

CuHane1 CoHapmr1
PTGI(c6)TP-n-m
CHanet C= O—CpHap
PTGI(c6)TP-n-Om
CHap CrnHamet

PTGI(e6)TP-n-m

anZMOCEC CECOO—CMHZWI

PTGI(e6)TP-n-Om

CnH2n+14©7CEC = CpHam

PTN(, 4)TP-n-m

(CHa) H

CnHM—QCECHCEC Colopes1

PTPP(0)TP-n-m, 0 3 {1; 2; 3; 4; 5; 6}
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Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

H(CHy), (CHy) H

PTPI(0)P(0)TP-n-m, 0 3 {1; 2; 3; 4; 5; 6}

(CHy) H

CnH2n+IOCECOCECGCECOCMHZM+I

PTPTP(0)P-n-m, 0 3 {1;2; 3; 4; 5; 6}

H(CH), (CHz)oH

c,1}12,1+14<;>7czc4<j>—cEc4<;§—czc4<;>—C,,1Hz,ﬂ+1

PTPI(0)TP(0)P-n-m, 0 3 {1; 2; 3; 4; 5; 6}
(n>{1;2;3;4;5,6;7) andm>{1;2;3;4;5,6; 7}.)

Examples of compounds of component B

i

F F F
CnHanCFZ_OAQi
F F

PGUQU-n-F
F F F F
[oh: CF,—O CF,—O0 F
F F F
PUQGUQU-n-F
F F F
CnHan O O w0 Q Q w0
F F

PUQGUQGU-n-F = PU[QGU],-n-F

F F
F
F F
F

F F F
e Q O w0 Q Q w0
F CrHomt F

PUQGU(m)QGU-n-F = PU[QGU],™-n-F
(n>{1;2;3;4;5;6; 7} and m > {1; 2; 3;4}.)
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Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

Examples of compounds of component C

PfX-n-Om
(n>{1;2;3;4;5;6;7} andm>{1;2;3;4;5,6; 7})

Examples of compounds of component E

Compounds having three 6-membered rings

F
et
PGP-n-m

F
kOGS
PGP-n-kV

F

H
Crtlas O O (CHy)y—C =I€I_C1Hz1+1

PGP-n-kV1
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Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

F F
e Q Q Q '
GGP-n-F
F F
CnHan Q Q Q °
GGP-n-CL
F F
CnHanF
PGIGI-n-F
F F
o Q Q Q °
PGIGI-n-CL
m>{1;2;3;4;5;6;7},m>{1;2;3;4;5;6; 7},and k 3 {0; 1; 2; 3; 4}, preferably O or 2, and | 5
{0;1;2;3})
Compounds having four 6-membered rings
F F
CnH2n+l Q O O Q CMH2m+l
PGIGP-n-m
F F
CnH2n+l Q O O Q O_CMH2m+l
PGIGP-n-Om
F F
CnH2n+l_O Q O O Q CMH2m+l
PGIGP-nO-m
F F F
CnH2n+l Q O O Q CMH2m+l
PGIYP-n-m

(n>{1;2;3;4;5;6;7) andm>{1;2;3;4;5;6; 7})



US 9,296,948 B2

101 102
TABLE D-continued

Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

Illustrative structures of polar compounds employed:

K K
CHar F
F
PGU-n-F
F F
F
PPGU-n-F
F F
F F
PUQU-n-F

n>{1;2;3;4567})

Illustrative structures of further neutral compounds employed:

CnH2n+l . O O . CMH2m+l

CPPC-n-m

F

CnH2n+l . O O . CMH2m+l

CGPC-n-m

Cplpper CO—0 Collam1

CCZPC-n-m

F

CnH2n+l . O O Q CMH2m+l

CPGP-n-m

F

H

CPGP-n-kV
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Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

F
H
Cullanni (CHy)y—C= %_ CiHap
CPGP-n-kVI
m>{1;2;3;4;5;6;7},m>{1;2;3;4;5;6; 7},and k 3 {0; 1; 2; 3; 4}, preferably O or 2, and | 5
{0;1;2;3})

Tllustrative structures of further polar compounds employed:

F F
CpHonri F
F
CGU-n-F
F
F
CCPU-n-F
F F
F
CCGU-n-F
F F
F
CPGU-n-F
F F
F
CPGU-n-OT
F
CHouri F

CP-n-F
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Illustrative structures
The illustrative structures show compounds which are particularly preferably employed.

CuHapry OCF3
CCP-n-OT
CpHonrr CH,—CH, OCF;
CCEP-n-OT
F
CrHapet F
CPG-n-F

(n>{1;2;3;4,5,6;7})

The following table, Table E, shows illustrative com-
pounds which can be used as stabiliser in the mesogenic

TABLE E-continued

media in accordance with the present invention. The total

preferably 5% or less.

HO CH, oH
40

HO

A@H
60
Cullopi 1 OH HO CH, OH

45

concentration of these and similar compounds in the mediais 5,
C,H OH
TABLE E e
35
%@H

o

OH

PY .

CuHayr10

55

65
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HO

N
\
N
/
N
\N OH
P
N
/éj/k )\©\ oH
; Y
N
AN O
N 35
- \/\/\/(\/\)
N
40
\N OH
)\@\
N
N oH
—
) Y
=~ 7/
N 0

HO
_N
\N 45
=~/
cl N
O - /\/\/(\/\)

15
N—
¥
Va
\N
20
OH
OH
/N\ 25
N
\ =
N

30

—
10 =
N

50
N

HO
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TABLE E-continued

N (6]
(6]
6] N
O,
6]
N (6]
(6]
(6] N
—N (6]
(6]
O N—
O,
(6]
—N (6]
(6]
(6] N—

OH

20

25

40

45

65

OH

N
O O
N OH
{?4
@)

M
(@) (¢]

N

N

O

\L‘/\/\/\/\AL
O 0
N
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O0—CgHyy
N.
5
N N S
T ™
N N
o) HO A
10
S
0 \C8H17
O (6]
15
|
O—CsHyy In a preferred embodiment of the present invention, the
0 20 mesogenic media comprise one or more compounds selected
from the group of the compounds from Table E.
(6] N
The following table, Table F, shows illustrative compounds
> which can preferably be used as chiral dopants in the
mesogenic media in accordance with the present invention.
TABLE F
. C1s
C2H5_TH_CH20 CN
CH;
CB15
*
e O @
CH;
0 CcM 21
*
CGng—TH—O
CH; O GsHy,

CM 44
*
= ) )OO

CM 45

O CM 47
CgH 70
*
O—CH

CyHs



US 9,296,948 B2

TABLE F-continued
H3C,,, CH; cc
HiC
CH;
Cl
CH; CN
O R/S-811
C5H1304©—< 0
(@]
*
O—CH—CeHy3
CH;
R/S-1011
*
CsHyy [elele}
F R/S-2011
I
e o o @ N
*
F
E F R/S-3011
C3H7MOT\/\/
F R/S-4011

N
o 0 O O T

F
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QO
© 0

R/S-5011

In a preferred embodiment of the present invention, the
mesogenic media comprise one or more compounds selected
from the group of the compounds from Table F.

The mesogenic media in accordance with the present appli-
cation preferably comprise two or more, preferably four or
more, compounds selected from the group consisting of the
compounds from the above tables.

The liquid-crystal media in accordance with the present
invention preferably comprise

seven or more, preferably eight or more, compounds, pref-

erably compounds having three or more, preferably four
or more, different formulae, selected from the group of
the compounds from Table D.

EXAMPLES

The following examples illustrate the present invention
without limiting it in any way. However, it becomes clear to
the person skilled in the art from the physical properties what
properties can be achieved and in what ranges they can be
modified. In particular, the combination of the various prop-
erties which can preferably be achieved is thus well defined
for the person skilled in the art.

The acetylenes employed, if not commercially available,
are synthesised in accordance with standard laboratory pro-
cedures.

Substance Examples A

Tustrative Compounds of the Formula 1A for
Component A

Synthesis Example 1a

1,4-bis(4-n-Butylphenylethynyl)-2,5-dimethylben-
zene

C4Ho

Z

Br

LiHMDS, 9-MeO-9-BBN
Pd(0)

20

25

30

40

45

50

55

60

9 g (54 mmol) of 4-n-butylphenylacetylene are initially
introduced in 200 ml of tetrahydrofuran, the mixture is cooled
to =75° C., and 54 ml (1.0 M in hexane, 54 mmol) of lithium
hexamethyldisilazide are added. After 1 h, 54 ml (1.0 M in
hexane, 54 mmol) of B-methoxy-9-borabicyclo[3.3.1]
nonane are added, and the mixture is stirred for a further hour.

This solution is added dropwise to a solution of 1.5 g (2
mmol) of bis(tricyclohexylphosphine)palladium(II) chloride
and 5.3 g (20 mmol) of 1,4-dibromo-2,5-dimethylbenzene in
300 ml of tetrahydrofuran, and the mixture is refluxed for 16
h.

The mixture is worked up by addition of MTB and water,
the phases are separated, and the aqueous phase is extracted
once with MTB. The combined organic phases are washed
with saturated sodium chloride soln., dried over sodium sul-
fate, filtered and evaporated in a rotary evaporator. The resi-
due is purified by column chromatography (SiO,, heptane/
chlorobutane=1:1); the further purification is carried out by
recrystallisation from heptane or heptane/chlorobutane=1:1.

MS (ED): m/e (%)=418 (100, M™"), 375 (26, [M-propyl]™),
166 (9, [M-2x propyl]**).

Phase sequence: C 125° C. N 142.8° C. L.

Data extrapolated from 10% solution in ZI.1-4792:

Ae=+2.6; An=0.414 and y,=2080 mPa's.

Synthesis Example 2a

1,4-bis(4-n-Butylphenylethynyl)-2,6-dimethylben-
zene

1,4-bis(4-n-Butylphenylethynyl)-2,6-dimethylbenzene is
prepared from 4-n-butylphenylacetylene and 1-iodo-4-
bromo-2,6-dimethylbenzene analogously to the synthesis
described under 1A.

/©/ B
Br I Z_
LiHMDS, 9-MeO-9-BBN
Pd(0)

MS (EI): nv/e (%)=418 (100, M™), 375 (27, [M-propyl]*),
166 (10, [M-2x propyl]**).

Phase sequence: C 115° C. N 145.8° C. L.

Data extrapolated from 10% solution in ZI.1-4792:

Ae=+2.4; An=0.409 and y,=1940 mPa-s.
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Synthesis Example 3a

1-(4-n-Propylphenylethynyl)-2-fluoro-4-(4-n-hexy-
Iphenylethynyl)-6-ethylbenzene

3a.1 Synthesis of
rac-2-fluoro-6-(1-hydroxyethyl)-1,4-dibromobenzene

%}A

MgCl—L1Cl

OH

Br Br

120 g (0.36 mol) of 6-fluoro-1,2.4-tribromobenzene in 120
ml of tetrahydrofuran are added dropwise to 290 ml (0.38
mol, 1.3 M solution in tetrahydrofuran) of isopropylmagne-
sium chloride/lithium chloride complex cooled to -70° C.,
and the mixture is stirred at —=50° C. for 2 h. The mixture is
subsequently cooled to —70° C., before 17.6 g (0.4 mol) of
acetaldehyde in 40 ml of tetrahydrofuran are added dropwise.
The batch is slowly warmed to —=20° C. and then quenched by
the addition of saturated ammonium chloride solution.

The phases are separated, and the aqueous phase is
extracted with MTB. The combined organic phases are
washed with saturated sodium chloride solution, dried over
sodium sulfate and evaporated in a rotary evaporator. The
residue obtained in this way is purified a number of times by
column chromatography (SiO,, heptane—(gradient) hep-
tane/MTB=4:1), with the polarity of the eluent being
increased successively by the addition of MTB.

3a.2 Synthesis of
2-fluoro-6-ethyl-1,4-dibromobenzene

OH

BtySi—H

—_
BF;—OERt,

Br Br Br Br

11 g (36.9 mmol) of the alcohol obtained in the preceding
reaction are initially introduced in 25 ml of dichloromethane,

10

15

25

30

35

40

45

50

65
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8.7 2(75.2 mmol) of triethylsilane are added, and the mixture
is stirred at room temperature for 3 h. 10.4 g (72.9 mmol) of
boron trifluoride diethyl etherate are subsequently added
dropwise, and the mixture is stirred at a temperature just
below the boiling point for 12 days. The batch, which is then
concentrated virtually completely, is cooled, MTB and 2 M
sodium hydroxide solution are added, and the mixture is
stirred vigorously for 3 h. The phases are separated, and the
aqueous phase is extracted twice with MTB. The combined
organic phases are washed with saturated sodium chloride
solution, dried over sodium sulfate and evaporated in a rotary
evaporator. The residue obtained in this way is purified by
column chromatography (SiO,, heptane).

3a.3 Synthesis of 1-bromo-2-fluoro-4-(4-n-hexylphe-
nylethynyl)-6-ethylbenzene

CeHys
F /©/
Bpi

Cu(Iy/Pd(0)
==
3.4 g (12 mmol) of the dibromide obtained in the preceding
reaction, 2.6 g (13.9 mmol) of 4-n-hexylphenylacetylene, 0.5
g (0.7 mmol) of bis(triphenylphosphine)palladium(II) chlo-
ride and 70 mg (0.35 mmol) of copper(]) iodide are initially
introduced in 70 ml of diisopropylamine, and the mixture is
stirred at 50° C. for 1 h and under reflux for 1 h. The batch is
cooled, and the precipitate formed is filtered off. The filtrate is
evaporated in a rotary evaporator, and the residue obtained in
this way is purified by column chromatography (SiO,, hep-
tane).

3a.4 Synthesis of 1-(4-n-propylphenylethynyl)-2-
fluoro-4-(4-n-hexylphenylethynyl)-6-ethylbenzene

Cu(I)/Pd(O)

2 g (5.2 mmol) of the bromide obtained in the preceding
reaction, 1.2 g (8.3 mmol) of 4-n-propylphenylacetylene, 0.2
g (0.28 mmol) of bis(triphenylphosphine)palladium(II) chlo-
ride and 30 mg (0.16 mmol) of copper(]) iodide are initially
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introduced in 30 ml of diisopropylamine, and the mixture is
heated under reflux. After 1 h and after 12 h, a further 1.2 g of
4-n-propylphenylacetylene in a little diisopropylamine are
added in each case, before the mixture is cooled after a total of
60 h, and the precipitate formed is filtered off. The filtrate is
evaporated in a rotary evaporator, and the residue obtained in
this way is purified by column chromatography (SiO,, hep-
tane); the further purification is carried out by recrystallisa-
tion from heptane.

Phase sequence: C 33° C. N 90° C. L.
Data extrapolated from 10% solution in ZL.1-4792:
Ae=+1.8; An=0.389 and y,=1530 mPa-s.

Synthesis Example 4a

1-(4-n-Propylphenylethynyl)-2-fluoro-4-(4-n-hexy-
Iphenylethynyl)-6-ethylbenzene

Gy

4a.1 Synthesis of 2-(4-n-propylphenylethynyl)-4-
fluoro-5-bromobenzene

CHy
Pe

Cu(D)/Pd(0)

F
F
e O — Q >

20 g (63.5 mmol) of 5-bromo-4-fluoro-2-iodotoluene, 10.5
g (73 mmol) of 4-n-propylphenylacetylene, 2.5 g (3.6 mmol)
of bis(triphenylphosphine)palladium-(II) chloride and 300
mg (1.8 mmol) of copper(l) iodide are initially introduced in
250 ml of diisopropylamine, the mixture is heated under
reflux for 3 h and cooled, and the precipitate formed is filtered
off. The filtrate is evaporated in a rotary evaporator, and the
residue obtained in this way is purified by column chroma-
tography (SiO,, heptane).
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4a.2 Synthesis of 1-(4-n-propylphenylethynyl)-2-
fluoro-4-(4-n-hexylphenylethynyl)-6-ethylbenzene

CeHy3
- T
A
HrCs O = Q Br Cu(TyPd(0)
F

9.6 g (28.9 mmol) of the bromide obtained in the preceding
reaction, 7 g (37.6 mmol) of 4-n-hexylphenylacetylene, 1.7 g
(2.4 mmol) of bis(triphenylphosphine)palladium(II) chloride
and 200 mg (1.2 mmol) of copper(]) iodide are initially intro-
duced in 250 ml of diisopropylamine, the mixture is heated
under reflux for 2 h and cooled, and the precipitate formed is
filtered off. The filtrate is evaporated in a rotary evaporator,
and the residue obtained in this way is purified by column
chromatography (SiO,, heptane); the further purification is
carried out by recrystallisation from heptane.

MS (EI): m/e (%)=436 (100, M), 407 (8, [M-ethyl]*), 365
(39, [M-pentyl] ™), 336 (12).

Phase sequence: C 50° C. N 148.7° C. 1.

Data extrapolated from 10% solution in ZI.1-4792:

Ae=+2.3; An=0.427 and y,=1490 mPa's.

Synthesis Example Sa

Synthesis of 1,4-bis-(4-n-butylphenylethynyl)-2,3,5,
6-tetramethylbenzene

C4H9
/O
I I Cu(I)/Pd(0)

8.1 g (20 mmol) of'1,4-diiodo-2,3,5,6-tetramethylbenzene,
7.5 g (47.3 mmol) of 4-n-butylphenylacetylene, 2 g (2.9
mmol) of bis(triphenylphosphine)palladium(II) chloride and
550 mg (2.9 mmol) of copper(l) iodide are initially intro-
duced in 100 ml of triethylamine, and the mixture is heated
under reflux for 3 h. The batch is then cooled, water and MTB
are added, and the phases are separated. The organic phase is
washed with saturated ammonium chloride solution and with
sodium chloride solution and evaporated in a rotary evapora-
tor, and the residue obtained in this way is purified by column
chromatography (SiO,, heptane); the further purification is
carried out by recrystallisation from isopropanol.

MS (EI): nv/e (%)=446 (100, M™), 421 (15, [M-propyl]*),
180 (8, [M-2x propyl]**).

Phase sequence: C 67° C. N 225.1°C. 1.

Data extrapolated from 10% solution in ZI.1-4792:

Ae=+2.3; An=0.423 and y,=1360 mPa-s.
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Synthesis Example 6a

1,4-bis(4-n-Butylphenylethynyl)-2,3,5-trimethylben-
zene

\

DI
e

6a.1: Synthesis of 4-bromo-2,3,6-trimethylphenol

Bu4N—Br3
OH ———  Br OH

10 g (71 mmol) of 2,3,6-trimethylphenol are initially intro-
duced in a solvent mixture consisting of 250 ml of dichlo-
romethane and 190 ml of methanol, and 35.4 g (72 mmol) of
tetrabutylammonium tribromide in 170 ml of dichlo-
romethane and 130 ml of methanol are added. After 5 h at
room temperature, the batch is evaporated in a rotary evapo-
rator, and the residue remaining is taken up in MTB. The
organic solution is washed three times with water, dried over
sodium sulfate and evaporated in a rotary evaporator. The
crystalline residue obtained is employed in the next step
without further work-up.

C,H,

6a.2: Synthesis of trifluoromethylsulfonyl-4-bromo-
2,3,6-trimethylphenol

THO
Br (6]
Br OH W \
cat. S0O,CF3
DMAP

15.5 g (69 mmol) of the phenol obtained in the preceding
reaction are initially introduced in 230 ml of dichlo-
romethane, 14.7 ml (106 mmol) of triethylamine and 200 mg
(1.6 mmol) of 4-(dimethylamino)pyridine are added, and the
mixture is cooled in an ice bath. 12.2 ml (72.3 mmol) of
trifluoromethanesulfonic anhydride are then added dropwise,
and the mixture is stirred overnight and warmed to room
temperature in the process, before the entire batch is purified
directly by column chromatography (SiO,, dichlo-
romethane).
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BuyN—Br3 TH,0
—_——

OH NEt;

Br (0]
\
S0,+CF3

6a.3: Synthesis of 1,4-bis-(4-n-butylphenylethynyl)-
2,3,5-trimethylbenzene

mq@%

LiHMDS, 9-MeO-9-BBN
Pd(0)

OH

}@—QHQ

LiHMDS, 9-MeOBBN
Pd(0)

Br

0SO,CF;

9 g (54 mmol) of 4-n-butylphenylacetylene are initially
introduced in 100 ml of tetrahydrofuran, the mixture is cooled
to —=78° C., and 54 ml (1.0 M in hexane, 54 mmol) of lithium
hexamethyldisilazide are added. After 1 h, 54 ml (1.0 M in

hexane, 54 mmol) of B-methoxy-9-borabicyclo[3.3.1]
nonane are added, and the mixture is stirred for a further 2 h.
The batch is then warmed to -20° C., 730 mg (0.8 mmol) of
tris(dibenzylideneacetone)dipalladium(0), 1.3 g (3.2 mmol)
of 2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl and
6.9 g (20 mmol) of the triflate obtained in the preceding
reaction in 150 ml of tetrahydrofuran are added, and the
mixture is heated under reflux for 16 h. After cooling, the
mixture is worked up by addition of MTB and water, the
phases are separated, and the aqueous phase is extracted once
with MTB. The combined organic phases are washed with
saturated sodium chloride solution, dried over sodium sul-
fate, filtered and evaporated in a rotary evaporator. The resi-
due is purified by column chromatography (SiO,, heptane);
the final purification is carried out by recrystallisation from
heptane.

MS (EI): nv/e (%)=432 (100, M™), 389 (20, [M-propyl]*),
173 (8, [M-2x propyl]**).

Phase sequence: C 136° C. N 184.2° C. L.

Data extrapolated from 10% solution in ZI.1-4792:

Ae=+2.4; An=0.412 and y,=1650 mPa-s.
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Substance Examples B

Tustrative Compounds of the Formula IB for
Component A

Substance Example 1b

C4H9_©_CEC4©7CEC_©_C4H9

Phase sequence: C87°C.N 178.5° C.1; An=0.436; Ae=2.8.

Substance Example 2b

C5H13@CEC©—CEC@C3H7

Phase sequence: C78°C.N 172.3° C.1; An=0.437; Ae=2.6.

Substance Example 3b

_OEOEO

Phase sequence: C 107° C. N 211.0° C. I; An=0.464;
Ae=3.1.

Substance Example 4b

CszOCE;@fCECOCﬁIS

Phase sequence: C87°C.N 130.7° C.1; An=0.451; Ae=2.1.

Substance Example 5b

C3H74©7C5Cj<j>7CEC4©7C3H7

Phase sequence: C57°C.N 151.7° C.1; An=0.445; Ae=2.0.

124

Substance Example 6b

5
C4H94®7C5Cj<j>7CEC4©—C4H9

10

Phase sequence: C29°C.N 119.2° C.1; An=0.402; Ae=1.7.

15 Substance Example 7b

C3H74©7C5Cj<i>7CEC4©7C5HB

Phase sequence: T, -54° C. C 14° C. N 119.2° C. [;
An=0.393; Ae=1.8.

25

30 Substance Example 8b

CsHls@CE;@fCECOC3H7

*" Phasesequence: C 60°C. N 121.8° C. T; An—0.394; Ae=1.7.

Substance Example 9b

45

C5H11—OOCEC CECOC3H7
50

Phase sequence: C81°C.N 160.7° C.1; An=0.432; Ae=3.2.
55

Substance Example 10b

60

qm@—czc CEC@C4H9
65
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Synthesis Example 10:1,4-Bis(2-(4-butylphenyl)
ethynyl)-2-cyclopropylbenzene

10b.1) 1,4-Dichloro-2-cyclopropylbenzene 2

B(OH),

Cl

Cl Cl

20 g (73 mmol) of 1,4-dichloro-2-iodobenzene, 9.4 g (110
mmol) of cyclopropylboronic acid, 32 g (147 mmol) of potas-
sium phosphate, 421 mg (0.7 mmol) of bis(dibenzylideneac-
etone)palladium(0) (Pd(dba),) and 1096 mg (1.5 mmol) of
1,2,3.4,5-pentaphenyl-1-(di-tert-butylphosphine)ferrocene
(CTC-Q-PHOS) are dissolved in 600 ml of toluene and
heated at 100° C. overnight. 100 ml of water are added to the
cooled solution, and the mixture is extracted twice with tolu-
ene (100 ml). The combined organic phases are washed with
water, dried over sodium sulfate and evaporated in vacuo. The
residue is purified by column chromatography, giving the title
compound as a colourless solid.

10b.2) 1,4-Bis(2-(4-butylphenyl)ethynyl)-2-cyclo-
propylbenzene (1)

5 g(26 mmol) of 1,4-dichloro-2-cyclopropylbenzene, 9.4 g
(58 mmol) of 1-n-butyl-4-ethynylbenzene, 19 g (58 mmol) of
caesium carbonate, 69 mg (0.3 mmol) of bis(acetonitrile)
palladium(II) chloride and 382 mg (0.8 mmol) of 2-dicyclo-
hexylphosphino-2',4',6'-triisopropylbiphenyl are dissolved in
80 ml of dioxane under nitrogen, and the mixture is heated at
100° C. overnight. 100 ml of water are added to the cooled
solution, and the mixture is extracted twice with methyl t-bu-
tyl ether (100 ml). The combined organic phases are washed
with water, dried over sodium sulfate and evaporated in
vacuo. The residue is purified by column chromatography
and recrystallised from ethanol, giving the title compound I as
a solid.

'H-NMR (250 MHz, CDCl,): 7.4-7.08 (11H, m); 2.5 (4H,
m); 1.6-1.3 (9H, m); 0.96 (6H, m); 0.6-0.4 (4H, m).

Phase sequence: C 72° C. N 84.5° C.I; An=0.378; Ae=1.5.
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Substance Example 11b

C3H7@CEC CECQC5H13

Phase sequence: T, -43° C. C 46° C. N 86.0° C. [;
An=0.379; Ae=1.1.

Substance Example 12b

C4HQOCEC CECOC4H9

Synthesis Example 12b

1,4-Bis(2-(4-butylphenyl)ethynyl)-2-cyclobutylben-
zene (3)

12b.1) 1-(2,5-Dibromophenyl)cyclobutanol (4)

Br
(0]
Br Br + d —_—
HO

Br

21.09 g (67 mmol) of 1,2,4-tribromobenzene are initially
introduced in 100 ml of THF under nitrogen, cooled to —-45°
C., and a solution (1.3 M) of 51.54 ml (67 mmol) of isopro-
pylmagnesium chloride/lithium chloride complex in THF is
added dropwise. After 1 hour, the batch is warmed to -10°C.,
and 5 ml (66.34 ml) of cyclobutanone are added dropwise at
this temperature. The batch is allowed to thaw, and sat. NH,Cl
solution is added, the mixture is extracted with methyl t-butyl
ether, the organic phase is dried over sodium sulfate and
filtered, the solvent is removed in vacuo, and the residue is
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filtered through silica gel with dichloromethane, giving 4,
which is employed in the next step without further purifica-
tion.

12b.2) 1,4-Dibromo-2-cyclobutylbenzene (5)

Br

— Br

14.5 g (47.39 mmol) of 4 are dissolved in 50 ml of THF
under nitrogen, and 35.72 ml (284.4 mmol) of boron trifluo-
ride/diethyl ether complex are added dropwise at room tem-
perature, and 12.54 g (189.6 mmol) of sodium cyanoborohy-
dride are added dropwise in portions. The batch is heated
under reflux overnight. The batch is allowed to cool to room
temperature, sat. NaHCO, solution is added, the mixture is
extracted with methyl t-butyl ether, the organic phase is dried
over sodium sulfate and filtered, the solvent is removed in
vacuo, and the residue is filtered through silica gel with
1-chlorobutane, giving 5 as a yellow liquid.

12b.3) 1,4-Bis(2-(4-butylphenyl)ethynyl)-2-cyclobu-
tylbenzene (3)

Br

7.8 g (47.0 mmol) of 1-butyl-4-ethynylbenzene are ini-
tially introduced in 100 ml of THF under nitrogen, cooled to
-78° C., and 63.32 ml (63.20 mmol) of a 1 M solution of
lithium bis(trimethylsilyl)Jamide in hexane are added drop-
wise. After 1 hour, 63.22 ml (63.20 mmol) of a 1 M solution
of'9-methoxy-9-BBN in hexane are added, and the mixture is
left to stir at —=78° C. for 2 hours. In a second apparatus, 6.8 g
(23.45 mmol) of 5, 0.916 g (1.0 mmol) of tris(dibenzylide-
neacetone)dipalladium(0) and 1.64 g (4.0 mmol) of 2-dicy-
clohexylphosphino-2',6'-dimethoxybiphenyl in 100 ml of
THF are initially introduced. The first solution is slowly
added dropwise, and the batch is heated at 100° C. overnight.
100 ml of water are added to the cooled solution, and the
mixture is extracted twice with methyl t-butyl ether (100 ml).
The combined organic phases are washed with water, dried
over sodium sulfate and evaporated in vacuo. The residue is
purified by column chromatography and recrystallised from
isopropanol, giving the title compound 3 as a solid.
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Phase sequence: T, -39° C. C 69° C. N 70.1° C. [;
An=0.359; Ae=0.9.

Substance Example 13b

Phase sequence: T, -36° C. C 57° C. N(?) (7.0)° C. [;
An=0.334; Ae=-0.1.

Substance Example 14b

C4H94©7CEC O CEC@C4H9

Phase sequence: T, -34° C. C 47° C. N 53.1° C. I;
An=0.337; Ae=0.0.

Substance Example 15b

C5H13OCEC CECOC3H7

Synthesis Example 15b

2-Cyclohexyl-4-(4-hexylphenylethynyl)-1-(4-propy-
Iphenylethynyl)benzene 6

15b.1) 4-Chloro-2-cyclohexylbenzene
trifluoromethanesulfonate (7)

{8 ! C;O\i F
O// F F

7

19 g (90.2 mmol) of 4-chloro-2-cyclohexylbenzene are
dissolved in 264 ml of dichloromethane, cooled to =5° C., and
4.64 ml (33.18 mmol) of triethylamine and 223 mg (1.8
mmol) of 4-(dimethylamino)pyridine are added dropwise.
Thebatch is stirred at room temperature overnight and filtered
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through silica gel with dichloromethane, giving the product 7,
which is employed in the next step without further purifica-
tion.

w

15b.2) (4-Chloro-2-cyclohexylphenylethynyl)trim-

ethylsilane (8)
10
4
cl o090 F 15
\/ <
//S
@) F F
H—=——Si(CH;); —»
20
25
cl ———Si(CH;);
8
30

21 g (61.3 mmol) of 7, 25.8 ml (183.8 mmol) of trimeth-
ylsilylacetylene, 2.15 g (3 mmol) of bis(triphenylphosphine)
palladium(II) chloride and 21.2 m1 (153.2 mmol) of triethy-
lamine are dissolved in 60 ml of N,N-dimethylformamide
under nitrogen, and the mixture is heated at 100° C. overnight. 55
100 ml of water are added to the cooled solution, and the
mixture is extracted twice with methyl t-butyl ether (100 ml).
The combined organic phases are washed with water, dried
over sodium sulfate and evaporated in vacuo. The residue is
purified by column chromatography, giving the product 8, 49
which is employed in the next step without further purifica-
tion.

15b.3) 4-Chloro-2-cyclohexyl-1-ethynylbenzene (9)

45
50
—_—
cl ——Si(CH;);
55
Cl = g 60

16.6 g (57.1 mmol) of 8 are dissolved in 154 ml of tetrahy- 65
drofuran, cooled to 0° C., and a 1 M solution of tetra-n-
butylammonium fluoride (68.48 mmol) is added dropwise.

130

The batch is stirred at room temperature overnight, water is
added, the mixture is extracted with methyl t-butyl ether, the
organic phase is dried over sodium sulfate and filtered, the
solvent is removed in vacuo, and the residue is filtered
through silica gel with heptane/toluene, giving the product 9,
which is employed in the next step without further purifica-
tion.

15b.4)
4-Chloro-2-cyclohexyl-1-p-tolylethynylbenzene (10)

Cl — H

6.6 g (30.17 mmol) of 9, 7.28 g (30.17 mmol) of 1-bromo-
4-hexylbenzene, 21.63 g (66.39 mmol) of caesium carbonate,
78 mg (0.3 mmol) of bis(acetonitrile)palladium(II) chloride
and 431 mg (0.9 mmol) of 2-dicyclohexylphosphino-2',4',6'-
triisopropylbiphenyl are dissolved in 90 ml of dioxane under
nitrogen and heated at 100° C. overnight. 100 ml of water are
added to the cooled solution, and the mixture is extracted
twice with methyl t-butyl ether (100 ml). The combined
organic phases are washed with water, dried over sodium
sulfate and evaporated in vacuo. The residue is purified by
column chromatography.

15b.5) 2-Cyclohexyl-4-(4-hexylphenylethynyl)-1-(4-
propylphenylethynyl)benzene (6)

+
° Q o O e
HTQC3H7 —
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-continued

4.5 g (11.87 mmol) of 10, 1.7 g (11.87 mmol) of 1-n-
propyl-4-ethynylbenzene, 8.5 g (26.12 mmol) of caesium
carbonate, 30 mg (0.1 mmol) of bis(acetonitrile)palladium
(IT) chloride and 170 mg (0.35 mmol) of 2-dicyclohexylphos-
phino-2',4'6'-triisopropylbiphenyl are dissolved in 35 ml of
dioxane under nitrogen and heated at 100° C. overnight. 100
ml of water are added to the cooled solution, and the mixture
is extracted twice with methyl t-butyl ether (100 ml). The
combined organic phases are washed with water, dried over
sodium sulfate and evaporated in vacuo. The residue is puri-
fied by column chromatography, giving the title compound 6
as a solid.

Phase sequence: T, -23° C. I; An=0.294; Ae=-0.6.

15
20

Substance Example 16b »

30
i Hcmc c=e—{ H—aan

The compound is prepared in accordance with Scheme 10
and analogously to compounds already described in the
present application.

Phase sequence: C90°C.N 193.9° C.1; An=0.435; Ae=3.0.

35

Substance Example 17b 40

45

C3H7@czc CECOQHB

The compound is prepared in accordance with Scheme 10
and analogously to compounds already described in the
present application.

Phase sequence: C 53°C.N 143.5° C.1; An=0.401; Ae=2.5.

o
<

Substance Example 18b

F
C4HQOCEC CECOC4H9

The compound is prepared in accordance with Scheme 10
and analogously to compounds already described in the
present application.

65
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Phase sequence: T,-49C32°C. N 126.0°C. I; An=0.373;
Ae=1.6.

Substance Example 19b

F
C4HQOCEC CECOC3H7

Substance Example 20b

F
C4HQOCEC CEC@C4H9

Phase sequence: T, -45° C. C 60° C. N 89.1° C. I
An=0.348; Ae=1.3.

Substance Example 21b

F
C4H9_©—CEC CEC—©—C4H9

Phase sequence: T, -32° C. C 66° C. N (44.1)° C. [;
An=0.322; Ae=0.6.

Substance Example 22b

| F
C4H9@CEC O CECOC4H9

Phase sequence: T, -37° C. C 52° C. N 78.2° C. I;
An=0.339; Ae=0.9.

Synthesis Example 23b
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Step 23b.1

Br C,Hs

Li—TMP
CoHs—1
—_—

Cl Cl Cl Cl

25.4 g of 2-bromo-1,4-dichlorobenzene, 8.9 ml of iodoet-
hane and 13.3 ml of DMPU are dissolved in 230 ml of THF,
and a solution of 16.2 g of lithium tetramethylpiperidite in
THF is added dropwise at —70° C. After a further 2 h at -70°
C., the reaction mixture is allowed to warm to ambient tem-
perature, and the batch is hydrolysed using water and sub-
jected to extractive work-up.

The crude product is purified by fractional distillation.

B.p.: 73° C./0.1 bar. Colourless liquid.

Step 23b.2

Br C,H; ;¢ C,H;

(CH3z)>Zn
Pd cat

Cl Cl

12.5 ml of'a 5% solution of methyllithium in diethyl ether
are added to 2.4 g of anhydrous zinc bromide in S50 ml of THF
at 25-40° C. 0.3 g of PdCl,-dppf, bis-(diphenylphosphinof-
errocene)palladium dichloride, is then added, the mixture is
heated to the boil, and 4.6 g of the product from step 1.1,
dissolved in a little THF, are added dropwise. The reaction
mixture is subsequently heated under reflux for 15 h. The
batch is hydrolysed using water and subjected to extractive
work-up. The crude product is purified by chromatography
(pentane/silica gel). Colourless liquid.

Step 23b.3

1.2 Li— N(Si(CHz)s)»
2.2 CH;0—BBN

3. HC C,Hs

Cl

4. Pd-cat base
2 H — C4Hy

Cl

2.4 g of 4-butylphenylacetylene are initially introduced in
30ml of THF and cooled to -78° C. 14.3 ml of a 1 M solution
of lithium bis(trimethylsilyl)amide in hexane are added drop-
wise to this solution and allowed to react at —78° C. for a
further 1 h. 14.3 ml of a 1 M solution of methoxy-9-BBN are
then added dropwise, and the mixture is stirred at =78° C. for
a further 2 h. In a second apparatus, 1.0 g of the product from
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the last step, dissolved in 40 m1 of THEF, is initially introduced
with the catalyst comprising 0.2 g of tris(dibenzylideneac-
etone)dipalladium and 0.35 g of 2-dicyclohexylphosphino-
2'.6'-dimethoxybiphenyl, and the reaction solution from the
first reaction is added at room temperature. The mixture is
heated at the boil for 15 h. The batch is hydrolysed using
water and subjected to extractive work-up. The crude product
is purified by chromatography (pentane/silica gel). Recrys-
tallisation from pentane gives the purified title product.
Phase sequence: C 45 N 1801.

Substance Example 24b

The compound is prepared analogously to Example 23b.
Phase sequence: C 118 N 222 I; An=0.435; Ae=2.6.

Substance Example 25b

The title compound is prepared analogously to Example
23b.
Phase sequence: C 41 N 161 1.

Substance Example 26b

C3H74©7CEC O CEC@C4H9

Synthesis Example 26b

26b.1) Synthesis of 1-iodo-4-bromonaphthalene

Br Br WBuli Br
L
' - O

100 g (350 mmol) of 1,4-dibromonaphthalene are initially
introduced in 11 of THF, cooled to =70° C., and 235 ml of
n-Buli (1.6 M in hexane, 370 mmol) are added dropwise.
After 1 h, 103 g (406 mmol) of I, in 250 ml of THF are added
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dropwise, the mixture is stirred at =70° C. for a further 2 h,
warmed to 0° C. and quenched by the addition of 50 ml (644
mmol) of aqueous NaHSO; solution (w=39%). The phases
are separated, and the aqueous phase is extracted once with
MTB. The combined organic phases are washed with satu-
rated sodium chloride soln., dried over sodium sulfate, fil-
tered and evaporated in a rotary evaporator. The residue is
purified by column chromatography (SiO,, heptane), and the
further purification is carried out by recrystallisation from

isopropanol, giving 1-iodo-4-bromonaphthalene as a yellow
solid.

26b.2) Synthesis of
1-bromo-4-(4-n-propylphenylethynyl)naphthalene

I O

iy
Cu(DI, PdCL>(PPh3)>
NEt;z

e Q O >

153 g (43.6 mmol) of 1-iodo-4-bromonaphthalene and
7.25 g (5.3 mmol) of 4-n-propylphenylacetylene are initially
introduced in 200 ml of NEt;, 170 mg (0.9 mmol) of copper(l)
iodide and 600 mg (0.9 mmol) of bis(triphenylphosphine)
palladium(II) chloride are added, and the mixture is refluxed
for 30 minutes. The batch is cooled, water and heptane are
added, and the phases are separated. The organic phase is
washed with saturated sodium chloride soln., dried over
sodium sulfate, filtered and evaporated in a rotary evaporator.
The residue is purified by column chromatography (SiO,,
heptane), and the further purification is carried out by recrys-
tallisation from isopropanol.

26b.3) Synthesis of 1-(4-n-butylphenylethynyl)-4-(4-
n-propylphenylethynyl)naphthalene

cu(Dl,
PACly(PPhs),
NEg

O Br

2.35 g (6.3 mmol) of 1-bromo-4-(4-n-propylphenylethy-
nyl)naphthalene and 1.33 g (8.4 mmol) of 4-n-butylpheny-
lacetylene are initially introduced in 40 ml of NEt;, 60 mg
(0.3 mmol) of copper(I) iodide and 200 mg (0.3 mmol) of

15

30

35

40

45

55

136

bis(triphenylphosphine)palladium(II) chloride are added,
and the mixture is refluxed for 18 h.

The batch is cooled, water and heptane are added, and the
phases are separated. The organic phase is washed with satu-
rated ammonium chloride solution and subsequently with
saturated sodium chloride soln., dried over sodium sulfate,
filtered and evaporated in a rotary evaporator. The residue of
compound (1) is purified by column chromatography (SiO,,
heptane), and the further purification is carried out by recrys-
tallisation from isopropanol.

MS (EI): m/e (%)=426 (100, M™), 397 (11, [M-ethyl]"),
383 (16, [M-propyl]"), 354 (18, [M-ethylpropyl]*), 177 (14,
[M-ethylpropyl]**).

Phase sequence: C 78 N 191 I; An=0.450; Ae=2.9.

Substance Example 27b

e Dpemel et e

The compound is prepared analogously to Example 26b.
Phase sequence: C 108° C.N 194° C. L.

Substance Example 28b

The compound is prepared analogously to Example 26b.
Phase sequence: C63°C.N 171.7° C.1; An=0.435; Ae=2 3.

Substance Example 29b

C4HQOCEC O CECOC4H9

The compound is prepared analogously to Example 26b.
Phase sequence: C76°C.N 176.2° C.1; An=0.427; Ae=2 4.

Substance Example 30b

C5H114©7CEC O CECOCsHU

The compound is prepared analogously to Example 26b.
Phase sequence: C 100° C.N 162° C. L.
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Substance Example 31b erties, in particular in the microwave region. The compound
has a nematic phase and a clearing point (T(N,I)) of 114.5° C.

Further physical properties at 20° C. are: n,(589.3

nm)=1.8563; An(589.3 nm)=0.3250; ¢(1 kHz)=3.40; Ae(1

5 kHz)=0.8 and y,=2100 mPa-s. The compound is suitable for

applications in the microwave region and/or millimeter wave

region, in particular for phase shifters.
CsHls@CEC O CEC@CGHls TABLE la
10

Properties of the compound PTP(2)TP-6-3 at 30 GHz

The compound is prepared analogously to Example 26b. TPC el el . wand || tand L n
Phase sequence: C 61° C. N 139° C. 1. ” ” o o
20 322 244 0242 0.0029 0.0064 37.9
Substance Example 32b
C4H94©7CEEC4©7C4H9
This compound is prepared analogously to the preceding TABLE 1b
compounds in accordance with the right-hand reaction path
of Scheme 15. Properties of the compound PTP(2)TP-6-3 at 19 GHz
Phase sequence: C 85°C.N202.4° C.1; An=0.446; Ae=2.0. e el ol . and., || tand,, L "
20 335 242 0278 0.0029 0.0061 45.2

30

Substance Example 33b

C6H13©7CECECAQC3H7

40
The compound is prepared analogously to Example 32b. In addition, the properties of the compound n-1-pentyl-4'-
cyanobiphenyl (also called PP-5-N or CB 15) and the liquid-

Phase sequence: C 112° C. N 253.5° C. I; An=0.484;

crystal mixture ZLI-4792 (product from Merck KGaA,

Ae=4.1.
Darmstadt, Germany) are investigated at 19 GHz. The results
Substance Example 34b are summarised in Table 2.
This compound is prepared analogously to the preceding 55 TABLE 2
compounds in accordance with the left-hand reaction path of
Scheme 15. Qomparison of the properties of the
Phase sequence: C 93°C.N212.4°C.T; An—0.527; Ae=0.8. various examples at 19 GHz and 20° C.
tan &,
USE EXAMPLES 60  Example LC €, 11 €, 1 T . Max. n
. Comp.1 P2-6-3* 335 242 0278  0.0061 45.2
Comparative Examples 1 to 3 Comp.2 PP-3-N® 306 266 0131 00273 4.8
L . . o Comp.3  ZLI® 257 229 0107 00126 8.5
Aliquid-crystalline substance having the abbreviation PTP 1 M-1 265 230 0.130  0.0126 10.3
(2)TP-6-3 is prepared by the method of Hsu, C. S., Shyu, K. 65 2 M-2 3.35 241 0280  0.0066 42.2
F.,Chuang, Y. Y. and Wu, S.-T., Liq. Cryst., 27 (2), (2000), pp. 3 M-3 265 230 0133 00125 10.6

283-287, and investigated with respect to its physical prop-
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TABLE 2-continued

Comparison of the properties of the

various examples at 19 GHz and 20° C.

140
Example 2

A liquid-crystal mixture M-2 having the composition and
properties as indicated in the following table is prepared.

tan &, 5
Example LC €., 11 [ T 7, Mex. n
Composition
4 M-4 3.35 241 0281  0.0064 43.6 Compound
5 M-5 334 241 0280  0.0078 35.9
6 M-6 tbd  thd  thd th.d. tb.d. No. Abbreviation c/%
7 M-7 tb.d. t.b.d. tb.d. tb.d. tbd. 10
8 M$  tbd  thd.  thd  tbd tb.d. ; gg%%@?’fﬁ égg
9 M9  tbd.  thd. thd  thd. thad. (2)TP-6- '
Noten b3 100.0
*P2-6-3 PTP(2)TP-6-3, . .
Physical 1t
LC liquid crystal, 15 yS1C8; properties
$
PP-5-N CB1S, TN, T) = 116° C.
§Z11711-4792 and
t.b.d. to be determined.
This mixture is very highly suitable for applications in the
20 microwave region and/or millimeter wave region, in particu-
Example 1 lar for phase shifters.
. . . N TABLE 4
A liquid-crystal mixture M-1 having the composition and
properties as indicated in the following table is prepared. Properties of mixture M-2 at 19 GHz
25
T/° C. €, | €, L T tand_ . |1 tand_, L n
Composition 20 3.35 241 0.280 0.0028 0.0066 422
Compound
No. Abbreviation /%
30
Example 3
1 PTP(2,5F)TP-6-3 10.0
2 CP-5-F 9.0 - . . .
3 CP-6.F 75 A liquid-crystal mixture M-3 having the composition and
4 CP-7-F 5.4 properties as indicated in the following table is prepared.
5 CCP-2-0OT 7.2
6 CCP-3-0OT 10.8 35
7 CCP-4-0T 6.3 Composition
8 CCP-5-0OT 9.9 Compound
9 CCEP-3-OT 45
10 CCEP-5-OT 4.5 No. Abbreviation c/%
11 CPG-3-F 10.8
12 CPG-5-F 9.0 40 1 PTP(1,6F)TP-6-3 10.0
13 CGPC-3-3 1.8 5 CP-5-F 9.0
14 CGPC-5-3 1.8 3 CP-6-F 75
15 CGPC-5-5 1.8 4 CP-7-F 54
5 CCP-2-0OT 7.2
z 100.0 6 CCP-3-OT 10.8
- - 45 7 CCP-4-0OT 6.3
Physical properties 8 CCP-5-OT 9.9
3 9 CCEP-3-OT 4.5
TN, I) = 95° C. 10 CCEP-5-OT 45
An (20° C., 5893 nm) = 0126 1 CPGA-F 108
Ae (20°C., 1 kHz) = 4.9 12 CPG-5-F 90
ki1 (20°C) =thd. pN % 13 CGPC-A3 L8
K5y/ky; (20° C) = th. 14 CGPC-53 s
Vo (20°C)=tbd.V 15 CGPC-5-5 18
1 (20°C.) =169 mPa - s
b3 100.0
Notes:
t.b.d.: to be determined. s Physical properties
This mixture is very highly suitable for applications in the TN, I) = 102° C.
: : 1 s : An (20° C., 589.3 nm) = 0.129
microwave region and/or millimeter wave region, in particu- A (20°C.. 1 kiiz) = 49
lar for phase shifters. Ky, (20° C) = th.d. pN
Kya/ky; (20° C.) = tbd.
60 Vo (20°C) =tbd. V
TABLE 3 0 (207 C) = tbd.
1 (20°C.) =168 mPa- s
Properties of mixture M-1 at 19 GHz
Notes:
TPC el €.l T tand._, |l tamd_,. Ll m tb.d: to be determined.
20 2,65 230 0.130 0.0049 0.0126 103 65  This mixture is very highly suitable for applications in the

microwave region and/or millimeter wave region, in particu-

lar for phase shifters.
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TABLE 5

142
TABLE 7

Properties of mixture M-3 at 19 GHz

Properties of mixture M-5 at 19 GHz

5
T/° C. €, || €, L T tand,_ . |1 tand_, L n T/° C. €, | €, L T tand_ . |1 tand_, L n
20 2,65 230 0133 0.0045 0.0125 10.6 20 334 241 0.280 0.0029 0.0078 35.9
10
Example 4 Example 6
A liquid-crystal mixture M-4 having the composition and 15 A liquid-crystal mixture M-6 having the composition and
properties as indicated in the following table is prepared. properties as indicated in the following table is prepared.
Composition Composition
Compound 20 Compound
No. Abbreviation /% No. Abbreviation c/%
1 PTP(1,6F)TP-6-3 10.0 1 PTP(3 x 1)TP-4-4 10.0
2 PTP(2)TP-6-3 90.0 N PTP(2)TP-6-3 900
s 1000 » s 100.0
Physical properties Physical properties
T(N,I)=122°C. T(N, T) = 126° C.
30
.Thls mlxture? 1s very hlgh.ly.sultable for app.hcat%ons n the This mixture is very highly suitable for applications in the
microwave region and/or millimeter wave region, in particu- microwave region and/or millimeter wave region, in particu-
lar for phase shifters. lar for phase shifters.
35
TABLE 6 TABLE 8
Properties of mixture M-4 at 19 GHz Properties of mixture M-6 at 19 GHz
TPC. e, &1 T tand., I1  tand., L n TPC. el el T tand_, || tand_, L n
40
20 335 241 0.281 0.0025 0.0064 43.6 20 thd.  thd  tbd. t.bd. tbd. t.b.d.
Note:
t.b.d. to be determined.
Example 5
45
_ . . . Example 7
A liquid-crystal mixture M-5 having the composition and P
properties as indicated in the following table is prepared. o ) ) »
A liquid-crystal mixture M-7 having the composition and
50 properties as indicated in the following table is prepared.
Composition
Compound
o Composition
No. Abbreviation c/% Compound
1 PTP(1,6F)TP-6-3 150 55 No. Abbreviation /%
2 PTP(2,5F)TP-6-3 20.0
3 PTP(2)TP-6-3 65.0 1 PTP(4 x 1)TP-4-4 10.0
2 PTP(2)TP-6-3 90.0
= 100.0
: : = 100.0
Physical properties 60
Physical properties

TN, I)=118°C.

TN, I) = 130° C.

This mixture is very highly suitable, with good low-tem-
perature stability, for applications in the microwave region ¢s
and/or millimeter wave region, in particular for phase
shifters.

This mixture is very highly suitable for applications in the
microwave region and/or millimeter wave region, in particu-
lar for phase shifters.
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TABLE 9
Composition
Compound
Properties of mixture M-7 at 19 GHz
No. Abbreviation c/%
5
T/° C. 1 tan d, tand,_ , L
Sl & T ande, Il tand, n 1 PTP(4 x 1)TP-4-4 50
2 CP-5-F 9.5
20 t.b.d. t.b.d. t.b.d. t.b.d. t.b.d. t.b.d. 3 CP-6-F 76
4 CP-7-F 5.7
Note: 5 CCP-2-0OT 7.6
' 10 6 CCP-3-0OT 114
t.b.d. to be determined. 7 CCP-4-OT 6.7
8 CCP-5-0OT 10.5
9 CCEP-3-OT 4.7
10 CCEP-5-OT 4.7
Example 8 11 CPG-3-F 114
15 12 CPG-5-F 9.5
N . . .. 13 CGPC-3-3 1.9
A liquid-crystal mixture M-8 having the composition and 14 CGPC-5-3 19
properties as indicated in the following table is prepared. 15 CGPC-5-5 1.9
b3 100.0
ng’soslii%n 20 Physical properties
- T(N, ) = 99° C.
0,
No. Abbreviation c/% An (20° C., 589.3 nm) = 0.113
1 PTP(3 x 1)TP-4-4 10.0 A 20°C,, 1 ki) = 3.2
5 CPAF 00 55 k;; (20°C) =tb.d. pN
3 CP-6-F 7 kay/kyy (20° C.) = tbad,
4 CP-7-F 5.4 VO (200 C.) =tbd.V
5 CCP-2-0T 7.2 Y1 (20°C) =148 mPa- s
6 CCP-3-0OT 10.8
7 CCP-4-0OT 6.3 Notes:
8 CCP-5-OT 9.9 t.b.d.: to be determined.
9 CCEP-3-OT 45 30
i? gggz _SI;OT 13‘2 This mixture is very highly suitable for applications in the
12 CPG-5-F 90 microwave region and/or millimeter wave region, in particu-
13 CGPC-3-3 1.8 lar for phase shifters.
14 CGPC-5-3 1.8
15 CGPC-5-5 1.8 35
TABLE 11
b3 100.0
Properties of mixture M-9 at 19 GHz
Physical properties
TP C. e, €, L T tand_, |1 tand_, L n
T(N, ) = 102°C. 40
An (20° C., 589.3 nm) = 0.128 20 t.b.d. t.b.d. t.b.d. t.b.d. t.b.d. t.b.d.
Ae (20° C., 1 kHz) = 4.9
’ Note:
k;, (20° C.) = tb.d. pN .
ksyky, (20°C.) = thd. t.b.d. to be determined.
Vo (20°C)=tbd.V
Y1 (20°C.) =170 mPa - s 45
The invention claimed is:
Notes: L. . . .
tb.d.: to be determined. 1. Liquid-crystal medium which comprises a component A
which comprises one or more compounds selected from the
This mixture is very highly suitable for applications in the compounds of the formulae [A-1 to [A-3
microwave region and/or millimeter wave region, in particu- 30
lar for phase shifters.
IA-1
TABLE 10 Ri
Properties of mixture M-8 at 19 GHz 55
11 = = 12
TPC.  e,ll  g,1 T tand_, ||  tand,, L n R C=c C—C@R
20 t.b.d. t.b.d. t.b.d. t.b.d. t.b.d. t.b.d. .
Note: 1A-2
t.b.d. to be determined. 60
Rl3
Example 9 R!! c=cC CECORIZ
65
Ll

A liquid-crystal mixture M-9 having the composition and
properties as indicated in the following table is prepared.
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1A-3
CH; RI3
CH;
in which

L' denotes halogen,

R to R'3, independently of one another, denote unfluori-
nated alkyl or unfluorinated alkoxy, each having 1 to 15
C atoms, unfluorinated alkenyl, unfluorinated alkeny-
loxy or unfluorinated alkoxyalkyl, each having 2t0 15 C
atoms, or cycloalkyl, alkylcycloalkyl, cycloalkenyl,
alkyleycloalkenyl, alkylcycloalkylalkyl or alkylcy-
cloalkenylalkyl, each having up to 15 C atoms, provided
that R*? is not unfluorinated alkoxy, and which option-
ally comprises one or more compounds of the formula
B

1B

in which

g

denotes one of the following groups:

CH; CH;
CH; E
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-continued
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-continued

3
CH; Q
R13’ R14’

RI¥
@—CEC ,

R'" to R'¥, independently of one another, denote unflu-

orinated alkyl or unfluorinated alkoxy, each having 1 to

15 C atoms, unfluorinated alkenyl, unfluorinated alk-

enyloxy or unfluorinated alkoxyalkyl, each having 2 to

15 C atoms, or cycloalkyl, alkylcycloalkyl, cycloalk-

enyl, alkylcycloalkenyl, alkylcycloalkylalkyl or alkyl-

cycloalkenylalkyl, each having up to 15 C atoms, and

alternatively one of R*> and R'* or both also denote H.

2. Liquid-crystal medium according to claim 1, wherein

component A comprises one or more compounds of the for-

mula IB which are selected from the group of the compounds
of the formulae IB-1 and IB-3 to IB-4

>
or
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wherein L' and X' are selected to provide a ring A' as
defined in claim 1 and in which the other parameters
have the meanings given in claim 1 under formula IB.

3. Liquid-crystal medium according to claim 2, wherein
component A comprises one or more compounds of the for-
mula IB-3 and/or of the formula IB-4, as indicated in claim 2.

4. Liquid-crystal medium according to claim 2, wherein
component A comprises one or more compounds of the for-
mula IB-1, as indicated in claim 2, in which X' denotes H.

5. Liquid-crystal medium according to claim 2, wherein
component A comprises one or more compounds of the for-
mula IB-1, as indicated in claim 2, in which X' denotes F.

6. Liquid-crystal medium according to claim 1, wherein,
besides a component A, it additionally comprises one or more
components selected from the group of the following com-
ponents B to E:

a strongly dielectrically positive component, component
B, which has a dielectric anisotropy of 10 or more,

a strongly dielectrically negative component, component
C, which has a dielectric anisotropy having a value of
-5.0 or less,

a component, component D, which has a dielectric anisot-
ropy in the range from more than -5.0 to less than 10.0
and consists of compounds having seven or more five- or
six-membered rings, and

acomponent, component E, which likewise has a dielectric
anisotropy in the range from more than -5.0 to less than
10.0 and consists of compounds having one to six five-
or six-membered rings.

7. Liquid-crystal medium according to claim 6, which
comprises a component B.

8. Liquid-crystal medium according to claim 6, which
comprises a component C.

9. Liquid-crystal medium according to claim 6, which
comprises a component D.

10. Liquid-crystal medium according to claim 1, which
further comprises one or more compounds of the formula VI

IB-1

L! X!
OCEC@CEC@RII
R13’ R14’
OO
R13’ R14’
=A==

IB-3

IB-4



US 9,296,948 B2

149

VI

L61261262L62

in which
L5 denotes RS' and, in the case where Z°' and/or Z52

denote trans-CH—CH— or trans-CF—CF—, alterna-
tively also denotes X%,

L%? denotes R®? and, in the case where Z%' and/or 75>
denote trans-CH—CH— or trans-CF—CF—, alterna-
tively also denotes X%,

R® and R®, independently of one another, denote H,
unfluorinated alkyl or unfluorinated alkoxy having 1 to
17 C atoms or unfluorinated alkenyl, unfluorinated alk-
enyloxy or unfluorinated alkoxyalkyl having 2 to 15 C
atoms,

x5! and X%, independently of one another, denote F or Cl,
—CN, —NCS8, —SF,, fluorinated alkyl or alkoxy hav-
ing 1 to 7 C atoms or fluorinated alkenyl, alkenyloxy or
alkoxyalkyl having 2 to 7 C atoms, or —NCS,

one of Z% and Z%% denotes trans-CH—CH—, trans-
CF—CF— or —C=C— and the other, independently
thereof, denotes trans-CH—CH—, trans-CF—CF— or
a single bond, and
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-continued

11. Liquid-crystal medium according to claim 1, which
comprises a compound of the formula IB.

12. Process for the preparation of a liquid-crystal medium
according to claim 1, comprising mixing one or more com-
pounds of the formula 1A, as indicated in claim 1, with one or
more further compounds and/or with one or more additives.

13. Component for high-frequency technology, which con-
tains a liquid-crystal medium according to claim 1.

14. Microwave antenna array, which comprises one or
more components according to claim 13.

15. Process for tuning a microwave antenna array, com-
prising electrically addressing a component according to
claim 13.

16. Compound of one of the formulae TA-1 to IA-3:

IA-1
R13
RIIOCEC CECORIZ
Ll
IA-2
R13
R“@—CEC CEC@RIZ
Ll
IA-3
CH; RI3
RIIOCEC CEC@RIZ
CH;

in which

L' denotes halogen,

R to R'?, independently of one another, denote unfluori-
nated alkyl or unfluorinated alkoxy, each having 1 to 15
C atoms, unfluorinated alkenyl, unfluorinated alkeny-
loxy or unfluorinated alkoxyalkyl, each having 2to 15 C
atoms, or cycloalkyl, alkylcycloalkyl, cycloalkenyl,
alkyleycloalkenyl, alkylcycloalkylalkyl or alkylcy-
cloalkenylalkyl, each having up to 15 C atoms, provided
that R is not unfluorinated alkoxy.

#* #* #* #* #*



